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PREFACE TO THE THIRD EDITION 


The present edition of Medical Entomology is in fact a complete re- 
vision of ilfedtcal and Veterinary Entomology which has appeared in 
two previous editions. Since the appearance of the second edition in 1523 
great filridcs have been made in the study of arthropods as vectors of 
diseases of botli man and beast, necessitating a complete rewriting of 
much of the matter appearing in the previous editions. During the past 
few years much emphasis has been placed upon the public health in ita 
many ramifications, not the least important of which is the field of 
parasitology, particularly medical entomology, o viewpoint which the 
author expressed in the first edition. 

Fully recognizing the importance of knowledge of animal diseases in 
the field of public health, but acceding to the desire for brerity, the title 
of this work has been shortened. The public health aspecta have been 
measurably strengthened and the experimental method is stressed. Nu- 
merous new illustrations have been used to replace old ones and many 
new citations are included. 

The author gratefully acknowledges the very generous assistance 
given by the members of bis staff and assistants in the preparation of 
this edition. Particular mention must be made of the assistance given 
by the following: Mr. D. E. Howell, Mr. Thomas H. G. Aitken, Dr. 
Florence M. Frost, Dr. M. A. Stewart, Dr, S. B. Freeborn, Dr. C. M. 
Wheeler, Mr. H. F. Gray, Dr. E. Gorton Linsley, and Dr. Robert L, 
XJsinger. The author is indebted to Miss Elizabeth C. Keal for assist- 
ance in the preparation of the manuscript. To the artist employed 
under the United States Works Progress Administration credit is due for 
assistance in the preparation of several illustrations. 

The author is under obligation to Professor D. Keilin, Director of 
the Molteno Institute of Biology and Parasitology, University of Cam- 
bridge, for assistance in securing the excellent photograph of Professor 
George H. F. Nuttall in whose memory this work is dedicated. 

W. B. H. 


Berkley, California 
Octolier, 1938. 




PREFACE TO THE FIRST EDITION 


Muck of the matter contained in the following pages was prepared 
for the press more than six years ago, but owing to the rapid advances 
made in the field of parasitology, particularly concerning insects, the 
writer has withheld it until this time, when, after considerable revision 
and addition, it has seemed expedient to publish the same. The manU' 
script has been in almost constant use for a period of six years in teach- 
ing classes in parasitology, both in the University of California and in 
the Ban Francisco Veterinary College. It has been the aim to include 
hereirith a large part of the writer’s original work, some of which has 
until now remained impublishcd, as well as the published observations 
of many other investigators in this field, all of which has gone to build 
up the foundation of the new science of Medical Entomology. 

This book is not intended to be a comprehensive treatise touching all 
the investigations in the field of medical entomology, but rather an at- 
tempt to systeroatire the subject and to assist in securing for it a place 
among the applied biological sciences. However, a discussion is included 
of all of the more important diseases and irritations of man and of the 
domesticated animals in which Insccta and arachnids are concerned, 
either as carriers or as causative organisms. 

Owing to the immense literature on insects as relating to disease, much 
of which is widely scattered, the student in this field must spend con- 
siderable time in searchmg for the desired information and, what is more 
important, the information is not readily accessible to the physician, the 
veterinarian, the health officer and the sanitariati. It is therefore to be 
toped that this book will not only prove useful as a text, but also as a 
handbook for all indmduals who are professionally interested in the 
health and well-being of man and beast, as affected by insects and arach- 
nids. 

In the second place detailed accounts of experiments are included 
here and there, so that the investigator might employ the methods de- 
scribed in either the repetition of the work or in carrying on further 
investigations along the lines suggested. 

Although many special papers have been consulted in the prepara- 
tion of this work, a bibliography is not included herewith, inasmuch as 
this information is obtainable in much more complete form in the bibli- 
ographical works of other writers. Reference to special papers is usually 
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made in footnote form, but where certain facts have long been accepted 
as common knowledge, reference is ordinarily omitted. 

Sources from which assistance has been drawn are too numerous to 
enumerate adequately, but to all who have contributed toward the prep- 
aration of this work I wish to express my sincere appreciation and 
Ihan^, but most particularly to my advanced students in parasitology, 
who have contributed much valuable data, and to my colleagues, Pro- 
fessor C. "W. Woodworth, Dr. Edwin C. Van Dyke, Dr. W. A. Sawyer, 
and Dr. S. B. Freeborn, and to my wife, Lillie M. Herms, for generous 
cooperation and Idndly criticism. 

Unless otherwise credited the illustrations are from photographs and 
drawings made by the author and various assistants. Thanks are due 
particularly to Dr. William Colby Rucker for the use of flea drawings, 
to Professor Herbert Osborn for permission to reproduce certain draw- 
ings of biting and sucking lice, to Dr. Bruce Mayne for photographs of 
Tabanas striatus, and stomachs of infected Anopheles mosquitoes, to 
Professor J. S. Hine for photographs of certain other tabanids, and to 
Mr. W. C, Matthews, scientific illustrator, for valuable assistance in the 
preparation of many of the figures. 

W.B.H. 

Berkeley, California. 



PREFACE TO THE SECOND EDITION 


Tot author owes a debt of gratitude to the many readers of the first 
edition for the cordial reception accorded to it, a reception which makes 
possible this new edition. 

Tborapid growth of literature dealing with insects and related organ- 
isms, AS they affect the public health and animal industry, has made it 
necessary to rewrite moat of the subject matter in order to keep it largely 
within its original limits. An historical account of the development of 
Medical Entomology has been added and many of the chapters have 
been enriched by the experience of the author as a Sanitary Officer in 
the United States Army during the late war. Many new illustrations 
have been added and a few old ones have been replaced. Those who have 
used the first edition will find the new edition practically a new book, and 
if the second edition of Medical and Veterinary Entoinoloyy receives 
the same wide use and general appro\'al os the first edition, the author 
will feel amply repaid for the arduous labor involved in its preparation. 

W. B. H. 


Berkeley, California. 
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CHAPTER I 


INTKODUCTION 


Historical. — In the King James Version of the Old Testament (Ex« 
odus 8, 24) wc read, "and there came n grievous swarm of flies into the 
house of Pharaoh, and into his ser^'ants' houses, and into all the land 
of Egj'pt: (he land was corniplcd by reason of the swarm of flies.” The 
Douay Version reads, "and the land w'as corrupted by this kind of flies." 
Whether the term "flies" ns used in tjiis passage is coextensive with its 
modem use may be questioned, but it is interesting to contemplate its 
possible significance. As early as 1577 Mcrcurinlis * c.vprcsscd the belief 
that flies carried the virus of plague from those ill or dead of plague to 
the food of the well. Although n*e now know that this is not the usual 
mode of plague transmission, the principal role that flies play os vectors 
of disease was correctly interpreted, i.c , they arc conveyors of infection 
to food. 

In 3587 Gabriel Soares dc Souw * staled that flics suck poisons from 
sores iFrambaesia i/opica) and leave them in abrasions on healthy indl- 
riduals, thus inferring many persons. In 1769 Edward Bancroft* ad- 
vanced a similar iVcoiy, but it was not until 1907 that Caslcllani * dem- 
onstrated experimentally that flics do transmit Treponema pertenue 
Cftslellam, the caJsal agent. The housefly as a real menace to heallh 
was. however, hardly appreciated until 1898 during (he Spanish Ameri- 
can War when Vewer * wrote'. 


"I have made 
fiiM and there seeoh 


(lures of bacteria from fly tracks acd from the eTcremeat of 
to be not the slightest dilRciilty in so doing. Ind^ the 


erideace of cvei^rt is so clear that I have reached the 


Although popular beliefs in parts of Europe, Asia and Africa had for 
many years connected mosquitoes with various tropical fevers, no well 
formulated ideas were advanced until 1848 when Josiah Nott« of New 
Orleans published his belief (hat mosquitoes gave rise (o both malaria 
and yellow fever. In 1854 Daniel Beauperthuy,* a French physician m 
ttioWest Indies formulated an excellent theory that mosquitoes wre 
responsible for the transmission of yellow fever, behering, however, that 

* All references are to the Bibliography at the end of each chapter. 
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the disease factor was carried from decomposing matter and introduced 
into the human body by the insect. 

While considerable was known by early naturalists and physicians 
concerning the larger intestinal parasites, such as roundworms and tape- 
worms, little information relating to microorganisms was available until 
after the development of the microscope by Anton van Leeuwenhoek* 
(1695). The discovery that his "material contained many tiny animals 
which moved about in a most amusing fashion; the largest of these 
showed the liveliest and most active motion, moving through the water 
or saliva as a fish of prey darts through the sea,” led to the study of 
hitherto invisible organisms and eventually to the formulation of the 
"germ theory" by Pasteur ® in 1877- 

Althougli according to Howard no standard medical treatise men- 
tioned any specific inscct-bomc disease prior to 1871, Raimbert^ 
showed in 1869 by experiment (inoculation of proboscides, wings, etc., 
of non-biting muscids into guinea pigs) that anthrax (Bacillus anthrads 
Cohn) could be disseminated by files, which was believed to be the case 
as early as 1770 by Montfils.** The first discovery, however, of primary 
importance in the field of medical entomology was made in 1878 when 
Patrick Manson,** working in China, observed the development of 
Wttcherena (=Filaria) bancrofti (Cobbold) in the body of a mosquito, 
Culex fatigans Wied. (Culez quinquefasciatus Say) and eventually to* 
gethcr with Bancroft, Low and others he proved the mosquito to be the 
intermediary host and vector of the causative organism of filariasis. 

The discovery by C. L. A. Laveran in 1880 of the causative organ- 
ism of malaria (Plasmodium malariae) as an inhabitant of the red bloo 
cells of man, marks an epoch in protozoology. Taking rank with Lay- 
eran’s discovery of the malaria parasite is the discovery by Tbeoba 
Smith in 1889 (Smith and Kilbourae, 1893 of the causative organism 

(Babesia bigemina) of Texas cattle fever, also a red-blood-corpusc e 
inhabiting protozoon. Associated with Smith in the investigation o ^ 
disease was F. L. Kilboume, and together in 1893 they made the secon 
great fundamental discovery in the field of medical entomology, ua®y 
that the cattle tick, Boophilus annulatus (Say) (B. bovis Riley) , m 
necessary intermediary host of the causal agent of the . . 

combined with Manson’s discovery concerning mosquitoes and an > 
a new basis for the control and prewntion of disease in bot man 


domestic animals was established, • a In 

In quick succession there followed a series of Ls-a 

1895 Bruce investigated Nagana, the fata} tsetse-fly disease o 
(Zululand) and established the fact that the infection is , 

animal to animal through the agency of Glossina morsiians 
In 1897 Ronald Ross announced that he had found the zys 
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the malaria parasite in two "dapplc-Tringled mosquitoes” (Anophelines) 
which had been bred from the larva, and fed on a case containing 
crescents. In the discovery that mosquitoes carry malaria there are 
linked the names of Ross, Manson,*® MacCallum,*® Baslianclli, Bignami, 
Grassi Koch, R.,®‘ Sambon and Low,” the last two in 1900 having 
demonstrated beyond a doubt the fact of transmission. 

One of the world's outstanding achievements in the field of experi- 
mental medicine is that of the United States Army Yellow Fever Com- 
mission, consisting of Reed,-® Carrol, Lazear and Agramonte, which in 
1900 on the island of Cuba proved beyond doubt that yellow fever is car- 
ried by a mosquito, Aedcs aegypti (Linn.) [then known as Culex fasci- 
afu5 Fabr. and later ns Stegomyia fasdata (Fabr.) ] , Carlos Finlay,®* a 
Cuban physician, had as early ns 1880 propounded the theory and con- 
ducted experiments in an attempt to prove it, hence he, too, amply 
deserves recognition and great praise. 

These two discoveries concerning malaria and yellow fever gave great 
impetus to the subject of mosquito control, although L. 0. Howard had 
already demonstrated the value of kerosene in bis experiments in the 
Catekill Mountains in 1892. Howard’s pioneer book entitled ‘‘Mosqui- 
toes: how they live; how they carry disease; how they are classified; 
how they may be destroyed” appeared in 1901. 

Like the study of malaria but for a different reason Utile advance was 
made in knowledge concerning tlie transmission of yellow fever for al- 
most a third of a century and in both instances the complete solution of 
the problem of control apparently at hand, that is, simply mosquito 
control, seemed to have been reached with the discoveries above men- 
tioned. However, malaria is now again referred to as a mysterious dis- 
ease. Hackett®’ (1937) in his treatise on ‘‘Malaria in Europe” states, 
‘‘under close examination malaria became only more intricate and im- 
penetrable, more protean m its character, more diverse in ita local mani- 
festations.” The expression “anophelism without malaria” came into use, 
and malariologists became more interested, as Hackett points out, in the 
anophelines which did not transmit malaria than in those that did. The 
discovery by Falleroni®* in 1926 that Anopheles maculipennis Meigen, an 
important vector of malaria, was in reality separable into races based on 
differences in the egg pattern, led Hackett, Martini and Mi&siroli®® 
(1932) to the discovery that the races of this species differ markedly in 
their relation to malaria, thus opening new vistas of research and plung- 
ing what appeared to be a clear-cut situation in 1898 once more into 
chaos. 

Thus also what appeared to be a well solved problem of yellow fever 
control through the control of Aedes aegypti (Linn.) was again com- 
pletely thrown open for further investigation by the discoveries of Stokes, 
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Bauer and Hudson in 1927 that experimental animals (monkeys) can 
be infected with yellow fever. Now because of the availability of experi- 
mental animals instead of one species of mosquito more than a dozen 
species are known to have the ability to transmit the disease from 
monkey to monkey by the bite. 

In 1032 there was first observed in the Valle de Chanaan, Espirito 
Santo, Brazil, a type of yellow fever designated as jungle yellow fever 
(Soper, 1936)^® differing from the known t^e transmitted usually by 
Aedesaegypti (Linn.) in that it occurs under conditions suggesting that 
infection takes place away from houses, that man may not be an essential 
factor in the continuity of infection, indeed “man may be but an accident 
in the course of an epizootic in the lower animals, or it may even be due 
to the persistence of the virus in invertebrate vectors for long periods of 
time.” 

In 1898 Simond succeeded in transmitting plague from a sick ratio 

a healthy rat through the agency of infected fleas. This discovery was at 
first discredited, but the experiments were successfully repeated by 
Verjbitski in 1903 and Liston “ in 1904. 

The designation sylvatic (selvatic) plague has come into use particu- 
larly since 1928 (Ricardo Jorge, Rongeurs et Puce, Masson et Cie, Pans) 
to specify plague of wild rodents in which fleas play an important r61e as 
invertebrate reservoirs as well as vectors. 

At this juncture of our historical review of the subject it is ®PP^' 
priate to call attention to the first comprehensive treatise dealing w 
arthropods as carriers of disease, namely the work of the late Professor 
George H. F. Nuttall (see frontispiece) , published in 1899 in the Jo ^ 
Hopkins Hospital Reports, vol. viii, nos. 1-2, and entitled, "On the ro e 
of insects, arachnids and myriapods as carriers in the spread of bac ns 
and parasitic diseases of man and animals. A critical and his one 
study.” Every student of medical eDtomology should be faimhar wi 
this publication. The following quotation from that work is sigm can 

“Whilst hygienists have given much attention to the study of 
oiganisms in air, water, soil and food, their behavior under dperen ® 
and phj'sical conditions, as also to the possibihty of .jon has 

transmission from diseased to healthy individuals; relatively little ^ jjjg 
been paid to one of the means by which infectious diseases are 
role played especially by insects, which may serve either as camera 
diary hosts of disease-agents. The most thorough work in this dire 
been done by parasitologists. Very few of the works on hygiene 
the role of insects as earners of infection, and those that do, gener y 
vaguely on the subject.” 

Nuttall deserves to be called the father of Medical Entomology ai' 
accordingly the author gratefully dedicates this work to his memory. 
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and conducted experimeilts with bedbugs. In 1907 Mackie working in 
India found that Asiatic relapsing fever was transmitted by the body 
louse, Pediculus humanxts Linn., in whose body the causative organ- 
ism, Spirochaeta recurrentis Lcbcrt (5. carteri Manson) , multiplies. 

It was not, however, until 1909 that Nicolle, Comte and Conseil” 
working in Tunis, and Rioketta and Wilder in 1910 working independ- 
ently in Mexico proved experimentally that the body louse {Pediculus 
humanus Linn.) was a carrier of typhus fever, the causative organism 
of which, Rickettsia prowazeki, was described and named by Da Rocha- 
Lima in 1916. 

Members of the insect family Reduviidae (conenose bugs or kissing 
bugs) have been long known for their fierce bites and bloodthirstiness, 
but it was apparently not until 1909 that insects of this group were experi- 
mentally proved to be disease carriers.^ In that year Chagas,®’ who had 
already described the causative organism, Trypanosoma cruri, ofChagu 
disease, also known as Brazilian trypanosomiasis or parasitic thyroiditis, 
demonstrated that this disease was carried by the conenose bug Msstor 
megUtus (Burm.) [Triatomamegista (Burm.)=Ponstronp|/It«mcffwi‘^ 
(Bunn.) 1 . Kofoid and Donat 1933 have shown that the tripanosome 
of the conenose bug Tnatomaprotraefa (Uhler) in California is identical 
with that found in Af estor mepistus (Bunn.) . 

Flies of the family Tabanidae (horseflies, gadflies, earflies, deer flics, 
etc.) as already observed were looked upon with suspicion as early as 
1776, but apparently no satisfactory evidence was forthcoming unti 
1913, when Mitzmain (Mayne) working in the Philippine Islands 
demonstrated the transmission of surra of the carabao through t e 
agency of Tabanns striatum Fabr. which he regards as the principal car- 
rier. Strong evidence against tabanid flies of the genus Chrysops jntcr^ 
mediary hosts of Z/oa (.=Filaria) loa (Cobbold) as advanced by Leiper 
also in 1913. 

Bloodsucking gnats belonging to the dipteron family Simuliidae are a 
terrible scourge to both man and beast in many parts of the world an 
have long been under suspicion as vectors of disease. In 1926 Blac 
lock reported Simulium damnosum Theob. as the vector of the filaria 
worm Onchocerca volvulus (Leuckart) the causal agent of onchocer 
ciasis. In 1934 ORoke reported Simulium venustum Say as the vec r 
of a disease of ducks caused by Leucocytozoon anatis Wickware. 

Tularaemia also known as Pahvant Valley Plague (Utah, U. S. AJ 
or deer fly fever was shown by Francis and Mayne in 1921 to be came 
from rodent to rodent by the tabanid fly, Chrysops discalis WillUton, an 
presumably from rodent to man in the same manner. The causative 
organism of this disease, PasfewcMa {^Bacterium) tularensis.yr&sde- 
scribed in 1911 by McCoy and Chapin as the cause of a plague-h ® 
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disease of California ground squirrels. Though transmitted in nature by 
the deer fly and several other species of arthropods, particularly the tick, 
Dermacentor andersoni Stiles, 'which b involved hereditarily, the iufee* 
tion is most commonly contracted by handling infected rabbits. 

In 1933 Kelser announced that he had succeeded in transmitting 
the virus of equine encephalomyelitis from inoculated guinea pigs to a 
horse by the bite of the mosquito, Aedcs aegypti (Linn.) . . 

Both historically and for future investigation the relation -which the 
protozoon subfamily Herpetomoninae of Castellani and Chalmers bears 
to insects and their relation to animal and plant diseases, is one of great 
interest to parasitologists. Numerous insects are known to harbor Lep* 
tomonas (inclusive of Herpetomonas), Crithidia, Lcishmania and other 
genera, some of doubtful classificaUon, but the problem of segregating 
those which are zoo- and phytopathogcnic from those which are merely 
entomoparasitic is exceedingly difficult and fraught with snares and pit- 
falls. Apparently the earliest discovery in this connection concerning 
plants was made by Lafont®^ in 1910 when he demonstrated that Lep- 
tomonas davidi Lafont, the cause of “flagellosU” in three species of Eu- 
phorbiaceae, required as its intermediary host the bug, Nysius cupftor- 
biae HorvaUi. 
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Training of the sort above outlined will enable a medical entomol- 
ogist to conduct a successful malaria-control campaign such as was con- 
ducted at Anderson, California.* In this campaign which was in charge 
of a medical entomologist there were engaged a physician, a diagnosti- 
cian, a microscopist, a trained nurse and a gang of workmen in drainage 
operations. 

The aim of medical entomology is the control and prevention of 
insect-borne diseases through the control of the vectors. Many notable 
examples of the service rendered by workers in this fertile field will 
readily occur to the student, such as the malaria and yellow fever mos- 
quito campaigns of Cuba and the Panama Canal Zone,* and the heroic 
campaign * against rats and fleas in San Francisco in 1907, which resulted 
in the eradication of plague from that city, which if carried still further 
might have spread to other parts of the country. The benefit derived 
from this study by animal industry is well illustrated in the good effects 
resulting from tick control in campaigns against Texas cattle fever in 
the southern states. 

Experimental method. — The medical entomologist must employ the 
experimental method if his science is to advance.® The experimental 
method is described by Thomas Hunt Morgan (1907)® in "Experimental 
Zoology" (by permission of the Macmillan Company, publishers) as 
"the most important tool of research that scientists employ. . . . The 
essence of the experimental method consists in requiring that every sug- 
gestion (or hypothesis) be put to the test of experiment before it is 
admitted to a scientific status. ... It is the method of attacking prob- 
lems that is the chief characteristic of experimental work. . . . We 
demand in the case of a problem in experimental science that the condi- 
tions under which an event takes place be discovered, and that, if pos- 
sible, we reproduce artificially the result by controlling the conditions. 
In fact the control of natural phenomena is the goal of experimental 
work.” 

With the control of certain living things (insects) as one of the aims 
of medical entomology, it is highly important that the experimental 
method be used to the best advantage — ^medical entomologists ought to 
be experimentalists. The literature pertaining to this subject indicates 
that we are still largely in the descriptive and narrative stage of our 
science; however, this type of work deserves encouragement, since famil- 
iarity witii the facts concerning taxonomy, anatomy, histology, physi- 
ology, development and behavior is essential to a wise use of the experi- 
mental method. Morgan (loc. cit.) again illuminates this point for us, 
via.: "The carrying out of an experiment implies the formulation of a 
working hypothesis, and this usually presupposes some knowledge of the 
possible conditions that control the phenomena. The experimental work 
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becomes more explicit and accurate tlic more we know beforehand of t!\c 
possible conditions that may enter into the result . . * for the highest 
order of w’ork there is demanded also great imaginative power. Good 
judgment and accurate observation may lead to fine work, but construc- 
tive imagination seems to be required for the highest order of original 
work." 

In the experimental study of insect vectors of diseases one would 
ordinarily first determine by experiment whether or not laboratoiy ani- 
mals arc susceptible. If laboratory animals arc readily infected, then 
further experimentation is greatly simplified. After long years of slow 
advancement, knowledge concerning yellow fever made rapid strides 
when it became knowm that laboratory animals such as monkeys and 
white mice could be used in experimentation.’'* Although human malaria 
is evidently not transraiasiWe to laboratory animals, an early knowledge 
of ita vector was possible because a closely related disease occurs in birds, 
a study of which by MacCallum (loc. cit.) gave the key to the famous 
discoveries of Iloss, Grass!, Btgnami, and others. 

Some years ago insects were suspected of being carriers of poliomye- 
litis. Monkeys are readily susceptible to this disease. By process of ex- 
perimentation one suspected insect species after another was eliminated, 
such as lice, fleas, bedbugs, etc., but stable flics, Stomoxyi colcitrons 
(Linn.) , somehow remained under suspicion fora long time; in fact cer- 
tain investigatorsactuaHyannouneed that the disease had been success- 
fully transmitted by these flies. Then began a long and tedious Berics of 
experiments, and after nearly a year of painstaking work negative results 
were published by Sawj’er and Henns.* 

Well does the author remember the test completed December 16, 
1909, which proved Diamanw montaniM (Baker) [CcTatophyllus acutus 
Baker), the ground-squirrel flea, to be a transmitter of plague from 
ground squirrel to ground squirrel Die cage used by the U. S. Public 
Health Service in San Francisco for the experimental animals was an 
ordinary galvanized iron garbage can 33 inches high by 19 inches in 
diameter, suitably screened and smeared with "tanglefoot" to prevent 
the escape of the fleas, every possible precaution being taken to obviate 
danger. McCoy (19n)”describesthec>qjeriment:-- 

I'A •••»« wlfVl ■> hfOth CUltUfe Of 

lal died on the 

. _ ihyUus acutus) 

Were put in the cage with it. While yet wann the dead rodent was removed 
from the cage, and twenty-seven hve fleas were taken from its body. Two of 
these were crushed, and staining of the resulting smears showed an abun- 
dance of pest-like bacilli in each. The twenty-five fleas remaining were put in a 
clean cage with a healthy squirrd. This animal died of subacute* plague ten 
days later. . . . This experiment is eoneiusive in showing that C. acutus may 
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convey plague from a sick to a healthy squirrel. It should be stated that all of 
the squirrels were kept in quarantine for at least a month prior to their being 
used for the experiment. In fact, all of these squirrels were obtained in a region 
in which no plague squirrels have ever been found.” 

Faust^^ has aptly stated, “In most experimental work with human 
parasitic infections laboratory animals can be utilized for all practical 
experimental tests, thus obviating the need for any potential risk by 
human volunteers. . . . Yet in certain crucial types of experimentation 
it has been found highly desirable to know if human host-parasite rela- 
tionships are directly parallel to those of susceptible animals. 

Experiments in the field of medical entomology require an unusual 
amount of care to prevent the escape of infected insects, also much skill 
and ingenuity are required in many instances in rearing these insects in 
the laboratory and in encouraging normal feeding responses on the part 
of imprisoned bloodsucking insecte. 

Importance of ecology. — The importance of ecological knowledge in 
the investigation of insect-borne diseases has been long stressed by the 
author. As early as 1909 (loc.cit.) it was pointed out that “It is essential 
that the student become familiar with the habits and habitat of the insect 
in the field, its life history under normal and unusual conditions." Ecol- 
ogy is variously defined, but few of the later proposed definitions define 
it so well as did Haeckel (1869) as the “relation of the animal to its or- 
ganic as well as its inorganic environment.” As CHiapman (Animal Ecol- 
ogy, 1931, McGraw-Hill Book Company, Inc.) has so well said, “he con- 
sidered oekologie to include the general economy of the household of 
nature." In at least some instances man, a member of that household, 
will need to learn how to live with some of these now threatening mem- 
bers of that same household. Man must give careful consideration to 
the study of the ways of these other members of that household in order 
that he may be able to live comfortably with them — else he may perish. 
Pearse in a paper on the ecology of parasites points out that “Man 
has succeeded by changing the environment or hy changing his own 
characteristics as a habitat, in ridding himself of many of his parasites." 
In dealing with the importance of ecology in relation to disease Dr. 
Richard P. Strong has well stated 

‘In addition to these effects of the immediate environment upon the human 
host, ecological studies must often conrider its effects upon the intermediate 
hosts in instances where they erist. Here, also, climate plays an important 
role, not only in the character of the vertebrate fauna which the region harbors, 
but especially of the invertebrate fauna. Also, at temperatures below a certain 
degree, the paraates in the insects winch transmit them may be unable to mul- 
tiply or the insects satisfactorily to breed or even exist, as. for example, the 
parariteg and insects concerned in the transmisaon of sleeping rickness and of 
malaria.” Strong writes further, “The epidenuc of malaria with its high mortality 
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which has recently been raging in Ceylon, India, is a striking example of the effect 
that climatic conditions and environment may exert uponadisease. Tins epidemic 
has occurred in what has been hitherto rt^rded as the most beaUhy and pros- 
perous portion of the island, the southwestern part, in which there has usually 
been a high annual rainfall and where there has been evidence that the per- 
centage of the population infected vrith m^arial pararites has been but email, 
and hence the population relatively non-immunc to the disease. This year the 
prevailing rains which arc brought ao regularly by the southwest monsoon failed 
to supply the usual amount of water, resulting in a prolonged drought. Then 
came a few bea \7 rains and drought again. Thus conditions arose greatly favor- 
ing the breeding of the mosquito. Anopheles evlinfacies, which transmits 
the disease in this region, as many shallow pools were formed along the river 
beds and streams. Through these mnumerable temporary breeding places, more 
perfect conditions for the production of mosquitoes could probably not have 
been devised. The outbreak of malaria was followed by failure of the crops, 
also due particularly to the lack of rain. Thus the people became further impov- 
erished and the general state of their health reduced, and within five months 
there were 113,811 deaths, of which C6,7CM were estimated to be due to malaria.” 

The above illustrates the complexity of ecological problems when 
three animal species arc inv'olvcd as in malaria, namely man, the host; 
a mos^fto, the vector; and a plasmodium, tlie parasite — each species 
occupying a characteristic ecological niche. The ecological problem be- 
comes more complex when a reservoir animal is injected mto the picture 
as in the case of relapsing fever, where again man is involved as the host, 
a tick as the vector, a spirochaate as the parasite, and a fourth species, a 
chipmunk, as the reservoir, as in Californian relapsing fever. 

The student of medical entomology will do well to study carefully 
Uvsrov,^'* 'Tnsccts and Climate,” Martini’s “Wege dcr Seuchen,” and 
Buxton's*® "The effect of climatic conditions upon populations of in- 
sects.” The latter (Buxton, p. 326) remarks, "the geographical spread of 
human diseases and the seasonal occurrence of certain epidemics appear 
to be directly due to alteration in the numbers of insects which are the 
essential vectors o/ these diseases. Our ultimate objective is to know the 
numbers of particular sorts of insects which are capable of infecting us 
with the organisms which they cany.” 

Control of insect-borne diseases. — ^The control of insect-borne dis- 
eases involves not only the control of the responsible insect vectors, often 
very difficult or perhaps even impossible, but also the control of the focus 
or source from which the insect receives its infection. Thus in the sim- 
plest fonn of insect transmission of disease by mechanical contamination 
of food and drink, the source of infection may be found in the unsanitary 
disposal of human excreta and other dangerous animal wastes, in which 
case the possibility of spread by insects may be largely overcome by cor- 
recting the defect in sanitation. The use of properly constructed fiy-tight 
privies and septic tanks in the country would largely prevent the spread 



16 


MEDICAL ENTOMOLOGY 


of typhoid fever and related diseases by flies. Rodent control is intended 
to destroy the natural reservoirs of plague, the flea being usually only 
an agent, though important in the dissemination of the causative organ- 
ism, Pasteurella {=Bacillus) pesits (lichmann u. Neumann) , from ro- 
dent to rodent and rodent to man. 

Furthermore, the handling of infectious cases is a matter of great 
importance, as for example the screening of yellow-fever cases during a 
certain stage in the course of the disease, against the mosquito carrier. 
Properly screening malaria cases against mosquitoes is also a factor in 
malaria control. Searching out and treating certain ambulatory cases 
(carriers), notably sterilization of malaria cases by medication, while 
offering many obstacles should not be overlooked in a program of malaria 
control even though insects are the sole vectors. Experience in this field, 
however, has proved that insect control is the safest and surest method. 
Rigid quarantine of typhus fever cases with the object of preventing 
spread by lice is imperative. 

Insect control. — In the control of disease-transmitting insects, the 
most vulnerable point in the life history is sought, and the most effective 
combative methods are then employed. This involves an intimate knowl- 
edge of life history and habits. The more familiar we are with regard to 
these two factors, the better equipped are we to cope with the problems of 
control. 

The application of control measures may be either of a temporary 
or permanent nature. Temporary control involves holding a nuisance in 
check for a short time, a few hours or a few days, and requiring constant 
repetition, for example, the use of formaldehyde to kill flies; or penny- 
royal or citronella to repel mosquitoes, or even oil as applied to mosquito- 
breeding pools. Permanent conteol, on the other hand, involves correc- 
tion of breeding places by mechanical or other means, to prevent the 
deposition of insect eggs, for example, the draining or filling up of unnec- 
essary ponds and pools of standing water, in which mosquitoes may 
breed; the correction of irrigation defects; and the disposal of manures 
and organic refuse in receptacles made fly-tight or by other means in 
order to forestall the breeding of houseflies. 

Permanent control measures, when feasible, will usually be less ex- 
pensive in the end, and also very much more effective than the use of 
temporary means in the form of insecticides, which must be applied 
repeatedly, with continuous expenditure of time, labor and money. 
Standing water can often be drained or otherwise handled with little 
expense, whereas the repeated application of oil must eventually involve 
greater outlay and inconvenience. To illustrate, the writer at one time 
observed a small pond which was undoubtedly furnishing most of the 
i” ' for the neighborhood; it was the only pond near, and was 
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within ten feet of a running stream lower in elevation than the pond by at 
least eighteen indies. This pond could have been drained very easily and 
would have resulted in permanent correction, yet oil was being applied 
regularly. The pool was evidently of no use to any one, and was within 
Uie limits of a mosquito abatement district. The common housefly, a 
source of so much annoyance, is commonly combated with poisons, sticlgr 
fly paper and screens, when the mere control of perhaps a single pile of 
horse manure would speedily give ready and permanent relief. 

Results obtained in the laboratory must always be carefully checked 
in the field before practical use of them is made in large scale field opera- 
tions. Advancement in the abatement and control of insects depends 
ver>' much upon public understanding, therefore education plays an 
important role in this field. Much of the trouble can be attributed to 
man’s stupidity, carelessness and ignorance. The medical entomologist 
must make use of every opportunity to dispel ignorance concerning dis- 
ease-bearing arthropods. Oftentimes the ignorance of the well-educated 
is appalling. 

Vital losses due to insects.— Comparisons between agricultural and 
vital losses occasioned by insects, while suggestive, are by their very 
nature inaccurate and confusing. However, it has been estimated that 
the total direct annual agricultural loss occasioned by insects in the 
United States is about 12,000,000,000, inclusive of losses to forests and 
stored products, and Hunter” in 1913 (probably not greatly different 
now) estimated the annual vital losses (human and animal) attributed , 
to insects at about $358,000,000. Femald ** in 1926, however, estimated 
these vital losses at $761, 450, (XX), i.e., human $350,000,000 and animal 
(inclusive of their products) $431,450,000. 

Hunter (loc. cit.), commenting on agricultural losses as compared 
with vital losses, states, “The two branches are radically different in one 
important respect. One deals with material losses and the other with a 
reduction in the vital force of a nation. Is it right to compare the loss of 
a human life with the loss of 28 bales of cotton or 1,700 bushels of com? 
The loss in cotton or wheat might be made good in another region or 
during another season, but for Uic life that is lost there ia no compensa- 
tion.” 

Of the above total annual vital loss it is estimated that $100,000,000 
is traceable to malaria, concerning which Carter ” has well said, "It is 
not in its death rate that the gravest injury of malaria lies ; it is its sick- 
ness rate, in the loss of efficiency it causes rather than in the loss of life. 
One death from pneumonia ordinarily corresponds to about 125 sick 
days — work days lost; one death from typhoid fever to 450 to 500 sick 
days; one from tuberculosis to somewhat more than this among whites. 
A death from malaria, however, corresponds to from 2,000 to 4,000 sick 
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days. This loss of efBciency may really be doubled or trebled, for the 
man infected with malaria is frequently half sick all the time. The loss 
of efficiency caused by malaria in the country of the malarious section is 
beyond comparison greater than that caused by any other disease, or 
even by any two or three diseases combined, including typhoid fever and 
tuberculosis.” 

How much to spend on control. — ^The farmer can estimate fairly 
closely what he can afford to spend on the control of insects affecting his 
crops, and it occurred to the author*® that the vital losses based on “work 
days lost” might offer a basis on which to proceed in estimating reason- 
able outlays for insect control in the present connection, of which the 
following is an example. 

"In 1918 there were 5,887 deaths from tuberculosis in California, amount- 
ing to a loss of (5,887 X 500) 2,943,500 work daysj there were 187 deaths from 
typhoid, amounting to a loss of (187 X 450) 84,150 work days; and 56 deaths 
from malaria, with a loss of (56 X 3,000) 168,000 work' days; a total loss to 
California of about 3,200,000 work days. In control work against typhoid fever 
the State spent between $35,000 and $50,000 in 1918. Assuming that this 
amount was justified, for such it actually was, because there was a reduction 
of about 12 per cent in the typhoid rate for 1919, there should have been 
expended in malaria control between $70,000 and $100,000 because the total 
number of work days lost is double that of typhoid fever. As a matter of fact, 
the State spent about $5,000 in malaria control in 1918 and the malaria death 
rate went up from 1.5 per 100,000 in 1917 to 1.8 in 1918, an increase of about 
20 per cent. In the matter of tuberculous control on the typhoid basis the State 
should have spent about $1,750,000 in 1918, which was closely approximated, 
the actual amount being $1,673,000.” 
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CHAPTER III 


PARASITES AND PARASITISM 

Symbiosis and parasitism. — Biologists are not agreed as to the 
definition of symbiosis, but for our purpose it may be regarded as a con- 
dition of conjoint life existing between different organisms, and in its 
most perfect form the associated organisms or symbionts “are completely 
adapted to a life in common,” while on the other hand a poor adaptation 
to a symbiotic existence may lead to serious pathological reactions and 
even “to the death of the organism that is invaded.” 

This interpretation of the term aymbiosis is rather far removed from 
the usual definition, which denotes a condition of conjoint life that is 
more or less beneficial to the associated organisms. 

It has been well said that “it is difficult to imagine that symbiosis 
originated otherwise than through a preliminary stage of parasitism on 
the part of one or the other of the associated organisms, the conflict 
between them in the course of time ending in mutual adaptation.” (Nut- 
tall.') When the symbiotic relationship is of benefit to both organisms 
(reciprocal) it may be termed mutualism, e.g., the tiny staphylinid 
beetles, Xcnodusa cava (Lee.) and Xenodusa montana (Csy.) , secrete a 
fluid which ante, Formica rufa Linn, and other species, suck from glan- 
dular hairs and in return for this favor the ante feed the beetles which are 
said to be unable to feed themselves, hence perish, if unassisted by the 
ants. Also the com root aphid, Aphis maidiradicis Forbes, is cared for in 
a most solicitous fashion, from egg to adult, by several species of ante, 
Lasius, which feed on the so-called honeydew secreted by the aphids. 

When only one of the two organisms is benefited by the symbiosis, the 
relationship is known as commensalism, e.g., a minute species of cock- 
roach, Attaphila fungicola Wheeler, is said by Wheeler * (p. 397) (Re- 
printed by permission of Columbia University Press) to lick the sur- 
faces, feeding on oily secretions of Atta ante, which tolerate the little 
roaches, “without the slightest signs of hostility.” No harm, of course, 
results to the ants and evidently no benefit is derived by them. 

Parasitism. — According to the above discussion, the definition of 
parasitism is well within the real meaning of the terra syrabiosisj how- 
ever, the parasitologist instead of using the term symbionts as applied 
to the associated species employs the term host, the physically larger of 
these, on the one hand, and parasite on the other, assuming that the latter 
20 
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injures the /ormcr. TTiis conception of the fclntionship of the associated 
species has led to a commonly used definition of parasitism; namely, tliat 
it involves the process of one organism, the parasite, gaining nourishment 
or other advantage at the expense of anoUicr living organism, the host, 
which latter must not be destroyed as the result of this association before 
at least the period of growth of the former is completed, otherwise the 
result would be disastrous to both the parasite and the host. It follows 
then that in a broad sense "a parasite is an orffanism which lives at the 
expense of its host, gixnnq nothing of valise tn return.” (Stunkard 1920.*) 
The true parasites are closely tuned lo the life history and habits of the 
host. In spite of the fact that the life of a parasite is commonly regarded 
as an easy one, it is rigorously circumscribed and full of dangers. It is 
sometimes referred to asa formof “hopeless specialiration/’einceifcicads 
eventually to extinction, unless conceivably the parasite were able to 
work gradually back from parasitism to a free-living condition. On the 
other hand if parasitism is but the beginning of an ill-adapted symbiotic 
life, then conceivably it might gradually end through progression into a 
condition of mutual adaptation. Indeed Kuttall (loc. cit.) has gone so 
far as to point out that “it is dliTicult to imagine that symbiosis” (in the 
restricted sense, that is, mutual adaptation) “originated otherwise than 
through a preliminary stage of parasitism on the part of one or other of 
the associated organisms.” 

There are many species of insects which are parasitic on other insects 
and some of these are very useful in holding certain pests in check. Such 
”parasitoid” insects, as they may best be termed, are often reared in 
Insectaries in enormous numbers to be liberated when best suited for con- 
trol purposes. This practice is known as “biological control.” ‘While not 
of direct concern to the medical entomologist, it is nevertheless a subject 
which will interest him in insect-control operations. The parasitism of 

as ladybird beetles of the family Coccincliidae, aisu me L.iu'>ouviuuc, 
commonly known as aphid lions. These predators capture their prey 
and literally eat it, while other predators, such as the kissing bugs of the 
family Reduviidae, suck the vital juices, but in either case the prey is 
killed outright. 

An interesting form of social parasitism occurs in social insects such 
as ants and hornets, where one species lives in the colony of another 
species which is “deluded” into feeding both the adults and progeny of the 
invaders. It has been suggested that this form of parasitism exists among 
human societies as well. The extreme case as suggested by Root * would 
appear to exist among certain wasps which construct no cells of their own 
and do not hunt, but provide for the future of their progeny by placing 
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ment corporis imbibea larger meals at longer intervals in conformance 
with the resting habits of the host, while capitis with continuous oppor- 
tunity for feeding takes a small amount of food at short intervals. Fur- 
thermore, Nuttall (loc. cit.) remarlM that, "The effect of darkness no 
doubt is responsible for corporis possessing longer and slimmer antennae 
and legs than capitis. The latter is more exposed to light upon the head 
than is corporis beneath the clothing in most instances. It is, of course, 
well known that arthropods inhabiting dark places have longer antennae 
and legs than those living exposed to light." Adaptation to the skin color 
of the host appears to be obvious. Lice collected from the heads of the 
brown-skinned Gilbeiiese during the author's investigations among these 
people on Fanning Island were strikingly sooty in color. Rearing lice 
in pill boxes of different colors inside as carried on by Nuttall® shows that 
change of color is rather easily accomplished. 

Nuttall'a conclusions baaed on the observations cited above are very 
interesting, namely, "There is little doubt in my mind that capitis is 
being converted into corporis today in nature, and that the latter, when 
man has become hairless, will constitute a species whose birth we are 
witnessing." 

The wider adaptability of parasites, i.e., adaptation to different host 
species as compared to different parte of the body of the same host as in 
Pediculus knmanus Linn, is shown in the different races of Sarcoptes 
scebtet (Linn,), the itch or mange mite of humans, swine, horses and 
other animals. While there appear to be specific differences in pigmenta- 
tion, cuticular markings and chaetotaxy, these are not constant, though 
some insist on the validity of these characters, Transfer from host to host 
of different species can be more or less readily accomplished. Other ex- 
amples could be cited to illustrate this adaptability such as certain poly- 
morphic mammalian trjrpanosomes, T. brucei Plimmer and Bradford, T. 
gambiense and T. rhodcsiense, as cited by Duke,® who refers to these as 
physiological variants of a single species. 

The interrelation, both as to bcha-rfor and structure, between the 
parasite and the host becomes more perfect as the symbiosis grows more 
intimate. The true parasite and its host represent a type of machine with 
all its parte functioning coordinately, hence it is difficult to discuss the 
behavior of the former without also dwelling on the behavior of the latter. 
The stage in this relationship when the former cannot exist without the 
latter is certainly reached in many iiwtances, but one may well wonder 
whether the reverse condition is ever actually achieved through the 
agency of parasitism. There are many people who believe that bote are 
a sign of health in a horse and humorously that a dog must have fleas to 
keep his mind off the fact that he is a dog. 

In the case of insects which suck the blood of human beings, one is 



25 


• PARASITES AND PARASITISM 

impressed with the large degree of tolerance that is manifested toward 
those species which are wholly or largely dependent on man; no doubt 
immunity is an important factor, and in turn one wonders just how far 
the parasite has gone in making its blood-lust less offensive. Thus sev- 
eral extreme cases will illustrate what is meant. Gilbert Islanders with 
whom the author spent some time during the summer of 1924 will reluc- 
tantly give one a few head lice on request, but prefer keeping them for 
festive reasons. The body louse of an old timer is not so offensive to him 
as it ia to a tenderfoot, and many arc the weird trench stories told by 
soldiers concerning narrow escapes from death because of a louse and the 
tender return of the cootie to its warm nest. In contrast, contemplate for 
a moment the very serious side of the problem-— lice as vectors of deadly 
typhus fever and other diseases. 

The bite of Anopheles maculipennis Meigen is generally benign, the 
bite of Aedes dorsalis (Meigen) , a common salt marsh species, is almost 
always viciously irritating. The former species has become closely asso- 
ciated with man and is a potent vector of the causative organism of 
malaria, the latter is a "wild'' species. Although there will be many 
objectors, I believe the bite of a bedbug, Cimex Uctularius Linn., is less 
irritating than the bite of a dog flea, CtenocephaUdes eanis (Curt .) , and 
I am inclined to believe that the bite of the rat flea, Nosopsyllus fasciaius 
(Bose) , is less irritating than that of the human flea, PuUx irritans Linn. 
The bile of Triatoma profraefo (Uhler) is very painful to most persona, 
and one is inclined to suggest that this species must first moderate its 
bite before it can become a successful disease vector. Besides adapta- 
tions of mouth parts for piercing and bloodsucking, and apparent mod- 
eration of venoms to lessen pain in the host, there is the interesting chem- 
ical factor which prevents blood coagulation. This factor is particularly 
well developed in the bloodsucking helminths such as the leeches and 
hookworms. 

The chemical phenomena due to irritants and anti-coagulants can 
hardly be separated from the toxic effects on the host such as urticaria 
following the bite of Triatoma protracta (Uhler) and certain paralyses 
traceable to Dermacentor andersoni Stiles. 

The study of parasitism has contributed much during the past few 
years to the field of patholc^ and clinical medicine, the disturbances 
resulting from parasitism being usually of a specific nature, and the 
causes of certain symptoms heretofore unknown are now often readily 
accounted for on this basis. 

Origin of parasitism. — Parasitiam is one of the ways in which or- 
ganisms acquire food and is only one of the avenues, though an important 
one, that bring the arthropod into relation with man and other animals 
as pathogenic factors. Scavenger insects with omnivorous feeding habite 
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such as scavenger flies and cockroaches which feed on excrement readily 
become food contarainato^ and may consequently become important 
factors in the dissemination of filth diseases such as typhoid fever. Also 
predaceous arthropods such as the black widow spider and the conenose 
bugs, may attack man, both introducing venoms and the latter blood 
parasites. While the female black widow spider probably only bites hu- 
man beings in self-defense or in defense of her egg cocoon, certein redu- 
viid bugs such as Triatoma actually suck the blood of sleeping persons 
for purposes of nourishment, though many other warm-blooded animals 
may also serve as hosts. It is but a short step between sucking blood by 
tapping the body of a bedbug which has fed on an animal and tapping 
the body of the animal directly. This procedure is followed in some in- 
stances at least by Tnafoma profTacto (Uhler) . Various species of blood- 
sucking arthropods secure blood meals by tapping the abdomens of their 
blood-engorged associates. 

Modem parasites are restricted more or less completely to particular 
host animals, which necessitates the deduction that the parasite must 
have developed its habit after the existence of the host, and in conse- 
quence parasitism must be a recently acquired habit on the part of a one- 
time free-living organism. This becomes more apparent by a study of 
the life history of the parasite; invariably the earlier stages point to a 
primitively free-living existence. Perhaps the ancestors of a given group 
of modem parasites were attracted to waste food, offal and exudations of 
certain animals ; the search for food having become simplified, they began 
living as messmates, or commensalisls, or as scavengers; the assooiaffon 
between the two species became closer and eventually the line of para- 
sitism was completed. This is also borne out by a study of the nearest 
allies of a given parasite, in which the gradation from the free-living 
animal to the parasite may be traced. The very close structural simi- 
larity between the free-living, wingless book louse, Trades divinatorui 
(Mull.) (a member of the order Psocoptcra, family Psocidae), and a 
common hen louse, Menopon pallidum Nitzsch (a member of the order 
Mallophaga) , leads us to believe that the parasitic Mallophaga have 
been derived from the Psocidae, Knowing the habits of the book louse, 
we can easily imagine how the habit of parasitism might eventually have 
become established; i.e., from ttie eating of feathers, scales, and excre- 
tions off the animal to the eating of ttie same on the animal as a host. 

Degrees of parasitism may also be illustrated by examples from the 
biting lice, Mallophaga, in which there are species having the power to 
run freely and live for a considerable length of time off the host, e g., 
Menopon palltdum Nitzsch, the common hen louse, while other related 
species have become entirely s^sile, as in the extreme case of the worm- 
like louse, Menopon titan Piaget, ufixabiting the gular pouch of the peli- 
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Fio 2 Fio.3 


Fio. 2. — Examples of parsaitic round worms <Pbj1um Nemathelmistbes, Clau 
Ifematoda). a. Round worm of swine (A$earis tumhrteo{de$); t. TrieMnella $p{ratit, 
greatly enlarged. 

Fro. 3. — Examples of parasitic ilatwonna (Phylum Platyhelraiothes, Class (Testoda). 
A poultry tapeworm (CAoasolaeni'a infundthulum X 1) on the left, and a common tape- 
worm of cattle (ifcnietia eipama, greatly reduced) on the right. 


bricoides Linn., roundworm of man; Ancylostoma duodenale (Dubini), 
a hookworm of man. Development is usually direct. (Fig. 2.) 

c. Plafj/AelmtnMes— bilateral worms; flattened dorsovcnlrally; no 
anal opening. Usually requiring an intermediate host. 

1. Cestoda — ecolcx with separable segments called proglottids; 
e.g., Taenia solium Linn., the pork tapeworm of man; raentd 
saginata Goeze, the beef tapeworm of man; Dipylidium cam- 
num (Linn.), a common tapeworm of the dog. (Fig. 3.) * 



Fio 4 Flo. 5 Fio. 6 


Pto. 4. — ^Example of parasitic flatwonna (Phylum Platyhelminthea, Clasa Treroa- 
toda). A liver fluke of sheep (Foictola hepatica) X 1. 

FW. 6 — Example of segmented cylindrical worms (Phylum Annelida, Class Chas- 
topoda). Earthworm (Lumlrieut *p., X . 6 ) non parasitic, but may serve as an inter- 
mediary host for certain poultry tapeworms. 

Fw. 6 . — Example of segmented cylindrical worms (Phylum Annelida, Class Him* 
dines). Leech {Hirudo tnedMnaltt) X Ji. 
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2. Tremaiorfa— alimentary canal branched; mouth in a sucker; 
e.g., Fasctoia hepatka Linn., the sheep liver fluke. {Fig. 4.) 

d. Annelida — bilaterally symmeiiical, segmented or annulated 
worms. 

1. Chaetopoda-AocomotoT chaetae; segmentation extending to in< 
temal organs; e.g., l/umbrictts terrestria Linn., a common earth* 
worm (non-parasitic). (Fig. 6.) 



Fw. 7. — Exataplea of the Ptylura Arthropoda, Clse* Crustacea, a. Shrimp X 1.2; 
h.CnkrStbX S; e.SowbuKXZ. (AU three examples are oon-parasitic) 

2. Hirudinea — flattened; sucker at each end of body; arrange- 
ment of internal organs does not correspond to external seg- 
mentation; e.g., Hirudo medicinalk Linn., the medicinal leech. 
(Fig. 6.) 

e. Arthropoda — segmented body with paired jointed appendages; 
chitinous exoskeleton; bilaterally ^mmetrical; heart dorsal; ventral 
nerve cord. 

1. Cmstoceo—head and thorax often united to form a cephalo- 
thorax; numerous paired, biraroous appendages; two pairs of 
antennae ; respiration usually branchial ; habitat usually aqua- 
tic; e.g.» shrimp, crayfish and the sow bug (the latter terres- 
trial). These examples aremon-parasitic. (Fig 7.) 

2. Onychophora (Proirackcata ) — vermiform and externally un- 
segmented; numerous paired, imperfectly segmented legs; one 
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CHAPTER IV 

HOW INSECTS AND ARACHNIDS CAUSE ' 
AND CARRY DISEASE 

Insect and pathogen. — ^Whcn one considers that man and his domes- 
ticated animals are so closely associated with many scores of species of 
insects and their kin, the wonder is that there are not more insect-borne 
diseases as well as direct injurious bodily effects. Many of these arthro- 
pod species bare in time become definitely parasitic; burrowing into 
the skin as do certain mites (acariasis ) ; invading the alimentary tract 
as do lan'ae of botflies (myiasis); and bloodsucking as are bedbugs, 
sucking lice, horseflies, mosquitoes, etc. Bloodsuckers by virtue of their 
bloodsucking habit may readily become conveyors of pathogenic blood- 
inhabiting microorganisms. It has been well said that no bloodsucking 
arthropod can be trusted ; eventually many more species than are now 
shown to be such, will prove to be vectors of disease of mao and his 
domesticated animals. 

The medical entomologist must acquaint himself with the ecological 
aspects of disease-producing microorganisms. In order to know where 
the insect picks up the disease-producing agent and bow it becomes 
infectious, the habits of pathogenic organisms must be studied, their 
habitat in the body of the diseased host must be known, the gateways of 
escape must be ascertained, their longevity and virulence when away 
from the host and many other ecological factors must be determined. 
After having picked up the pathogenic organism, its course within the 
body of the insect must be studied in order to know how it makes its 
escape therefrom and how it reaches the body of the next host. Ibus a 
knowledge of the feeding habits of insects is essential. 

To illustrate, bubonic plague is a bacillary disease caused by 
Fasteurella pestts of which the rat is an important host and to which man 
readily succumbs. While these organisms may pass from host to host in 
several ways, it has been found that fleas are the most important vectors. 
The bacilli are found in great abundance in the buboes which are situ- 
ated largely in the axillary and inguinal regions of the rat, and it has 
been found that these regions are favored by fleas, which, due to their 
bloodsucking habits, imbibe the hi^Iy infectious fluids. If the rat dies 
of the plague, the fleas leave the cold body and seek another host; this 
interval in the change of hosts raises the question of the resistance and 
longevity of the bacilli. Can the bacilli resist the digestive fluids of the 
33 
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eating. Thevenoms arc introduced in the following ways, (1) by the bite, 
as in conenose bugs and black widow spiders; (2) by tlic sting, ns in bees, 
wasps, scorpions; (3) by urticaling hairs, as with the brorvTi tail moth, 
and (4) by contact, vesicating fluids, ns with blister beetles. 

Dftrmatosis.—Various skin irritations arc caused by arthropods, 
cither by bites or skin invasions. No doubt many of these irritations 
could be classified just as appropriately as envenoraif ations, particularly 
because a tolerance appears to be built up when individuals arc sub* 
jeeted to bites over a longer period of time. Skin irritations commonly 
result from the bites of such insects as mosquitoes, fleas, lice, and bed* 
bugs. Various species of burrowing mites cause skin irritations com- 
monly known as ocariosw. Among the latter arc the itch mites, &f- 
copfes scabtei (Linn.) ; the scab mites, Ptoroptes communCs Hcring; 
the follicle mites, Demoder /oHtculorum Simon; the chigger mites, 
Butrombiculo al/rcddugcsi (Oudemans) [Trombtcula irrifans (Kiley)], 
and other species. 

Myiasis.—An invasion by maggots, the larvae of Diptcra, of organs 
and tissues of man and beast is termed myiasis. The invading maggots 
may be specific myiasis-producing forms, i.e., obligatory sarcobionts, 
invading cutaneous tissues as docs Dermo/obio bominis (Linn.) in man 
and Hypoderma bouis (DcGecr), the warble fly of cattle; invading the 
gastric and intestinal tract as do botflies of horses, (7osfcropAt7t« thfes- 
tinalij (DeGecr) ; and invading the nasal and frontal sinuses ns in the 
case of the head maggot of sheep. Oestrus ovis Linn. The invading mag- 
gots may be nccrobionts or facultative sarcobionts, in which ease trau- 
matic dermol myiasis may result as with infestations of ecrewworms, 
Cochliomyia atnericona C. & P. Accidental myiasis may be the result 
of fly larvae in food, or the result of flies attracted by discliargcs — anal, 
vaginal, nasal. The laiv’ae of blowflies, bluebottle flies and green-bottle 
fii^ commonly occur in accidental intestinal as well as traumatic 
myiasis. 

Allergy caused by insects. — A condition of persons’ being specifi- 
cally sensitized to certain insect proteins is a fairly common and wide- 
spread phenomenon. Persons working habitually with bees or collections 
of dead insects, or exposed for longer periods to pulverized insect parts, 
scales of butterflies, moths and caddis flics, or residents about lakes 
where cast skins of mayflies abound, arc frequently subject to attacks of 
asthma and other disturbances the result of allergens (Figley 1929) .* 

Mechanical (simple) carriers of infection. — Many species of insects 
may accidentally contribute to the portage of various filth diseases; how- 
ever, when insects habitually and alternately feed and/or breed in excre- 
ment and then feed on human food prepared for the table, they may 
actually become food and milk eontaminators and a menace to the pub- 



ARTHROPODS AND DISEASE 


37 


lie health. Such are flics, particularly the conunon housefly, and cock- 
roaches. The causal organisms of filth diseases, such as typhoid fever, 
cholera, and amoebiasls may adhere to the mouth parta and feet of 
these insects and may then he deposited on human food and infection 
r^ult. The mechanical transmission of yaws (a spirochaete infection), 
and certain eye infections (so-called pinkeye) are similarly effected by 
muscid flies and Hippclates flies. The e^s of helminthic parasites, 
notably pinwonns [ffnfcrobtus vermieularis (Linn.)} may also be so 
disseminated. Not only do pathogenic bacteria, protozoa, and helminthic 
ova cling to the mouth parta, feet, wings, and other parts of the insect 
body, but they may also be swallowed by the insect and pass uninjured 
through its alimentary canal and be deposited on food with the insects’ 
feces (fly specks) or be regurgitated with similar effect. 

It has been amply proved that coprophagous fly larvae (maggots) 
which feed on and develop in human excrement may pass on bacteria 
taken up in this stage through the pupal stage and as a result become in- 
fected mature flies. In this manner the infection of anthrax (Ractllus 
anthracis) may be disseminated by fleshflies, bred in carcasses of animals 
dead of this disease. This is a strong argument in favor of the incinera- 
tion of the bodies of dead animals. 

Another purely mechanical method of disease transmission is by 
means of contaminaUd piercing mouth parts, in which these organs in 
the act of feeding become contaminated with blood-inhabiting patho- 
genic organisms, and simple inoculation follows. Here again as in the 
aforementioned cases, the pathogenic organisms undergo no develop- 
mental change. Insects that belong to this class of simple carriers gen- 
erally have strong, piercing mouth parts, capable of drawing considerable 
blood and are intermittent feeders, going readily and quickly from one 
host to another, e.g., the horseflies (Tabanidae) , which arc ready vectors 
of anthrax in this manner, 

Cyclico-propagative transmission. — Of the several ways in which 
biological transmission by arthropods is effected, the cyclico-propagative 
type is the one most likely to be used to illustrato insect transmission of 
disease j however, Huff * has pointed out that there arc actually at least 
two other ways in which this occurs, namely, cycUco-developmental and 
propagative. In the cycltco-propagaiive type of transmission the causal 
organisms "undergo cyclical change and multiply" in the body of the 
arthropod as in the transmission of malaria plasmodia by anophelices 
and in the transmUaion of Bahesia biqemina of Texas cattle fever by 
the Texas fever tick. 

Cyclico-devclopmental transmission. — MiTien the causative organ- 
isms “undergo cyclical change but do not multiply” in the body of the 
arthropod, trai^mission may be classed as cyclico-developmental as in 
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insectivorous animals use arthropods as intermediate hosts. Since many 
of the vertebrate hosts are aquatic or semiaquatic, so most of the arthro- 
pods are also aquatic, such as dragonflies (Odonata), caseworms (Tri- 
choptera), may flies (Ephcmerida),andstoneflie3 (PJecoptera), Among 
these flukes are the poultry fluke, Prosthogonimus pellucidas (v. Lin- 
stow) , particularly of ducks, which use the larvae of the dragonfly, 
Libellula quadrimaculata Linn., as intermediary host. The important 
lung fluke of man, Paragonimus westermani (Kerbert), requires as its 
second intermediary host (the first is a melaniid snail) s crustacean, 
Astacm spp., crayfish. 

Among the Nematoda (threadworms) arc numerous species that use 
arthropods as intermediate hosts; among these arc the GongyhneTna 
worms (Spimridac) such as (?. pulckntm Molin, which causes an infec- 
tion of humans (also pig, sheep, ox, etc.) known as gongyloncmiasis. 
These worms occur as larvae in such insects as cockroaches (Blattidae), 
mealworms (Tenebrionidae) and a few other forms. The mature worms, 
extremely slender (OA mm. diameter), reach a length of 140 mm. in the 
female. In the vertebrate hosts the worms are found in burrows of the 
mucosa and submucosa of the mouth, tongue and oesophagus. The eggs 
are evacuated with the fecal material of the host and do not develop 
until taken up and swallowed by an insect The eggs hatch in the diges- 
tive tract-of the insect and soon penetrate the intestinal wall, coming te 
rest as encapsulated Iar\'ae in the body cavity. There they remain until 
the insect is ingested intact or in fragments by an appropriate vertebrate 
host. Here the larvae arc freed and soon migrate along the digestive tract 
to the oral cavity where they mature. Sambon * based his deductions 
concerning cancer on a study of Gongylonema worms. (See Chapter 
VII.) 

Other nematodes which require arthropods as intennediate hosts are 
certain species belonging to the family Filariidae such as Wuchereiio 
bancrofti and Onchocerca volvulm, the former requiring mosquitos and 
the latter black gnats (see later chapters) . 

The thomheaded worms iAcantkocepkala) use beetles (Scara- 
baeidae) mainly as intermediate hoste, e.g., the thomheaded worm of 
swine, Macracanthorhynckus hirudinocerts (Pallas). 

The famous guinea worm of the Nile Valley and equatorial Africa, 
Dracnnculiis medinensis (Linn.) , a worm which as an adult female may 
measure from 70 to 120 cm. in length, requires Crustacea belonging to the 
genus Cyclopi as intennediate hosts. 

Reservoir animals.—Reservoir animals play an important role in the 
natural distribution of insect-bome diseases. Since true reservoir animals 
suffer little or no ill effect from certain microorganisms pathogenic to 
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man Ihcir presence may go unnol'icctl, as is Oic case with rabbit reser- 
voirs of Rocky Mountain spotted fever; however, rat epizootics are com- 
monly the forerunners of human plague epidemics. The human being 
may himself be a reservoir of certain insect-home infections, even plague. 
Since there are numerous vertebrates which serve as reservoirs, it be- 
hooves the medical entomologist to acquaint himself thoroughly with 
tlie subject of vertebrate zoology, already referred to, particularly the 
ecological aspects as well as the study of the parasitic cctozoa of wild 
animals, which may be more or less closely associated with man. 

Referring to rats and plague again, it should be pointed out that not 
all species of rats are equally important, thus the brown rat, Rattus 
noTvegicus norvegicus (Erxleben), because of its veiy habits, burrow- 
ing rather than climbing, is of less importance as the source of human 
plague infection than is the roof rat, Rattus rattus alexandrinus (Geoff.- 
St. Hil. and Aud.) , a climbing rat, and the black rat, Rattus rattus rattus 
(Linn.). The plague problem is made more complicated because of the 
fact that many other wild animals serve as reservoirs, particularly the 
western American species of ground squirrels such as Citellus beeckeyi 
beecheyi (Richardson). Accordmg to Stallybrass, "The Principles of 
Epidemiology” (1031), from such rodents of southeastern Russia os the 
susliks [Citellus) and jerboas [Alactoga, Rhombamys) “have proceeded 
two of the most devastating epidemics that have afflicted mankind,” At 
least seventy species of mammals are cited as possible reservoirs of 
plague. This fact offers ample room for the study of their siphonapteron 
(flea) parasites in their taxonomic and biological relationships. 

The rickettsial infections are notable for tbeir wild animal reservoirs, 
namely Rocky Mountain spotted fever with its rabbits, badgers, wood- 
chucks and others ; typhus fever and rats ; Japanese flood fever and voles. 
The spirochaete infections are equally noteworthy in that the relapsing- 
fever reservoirs are evidently fairly numerous; thus young porcupines 
have been listed as well as the armadillo and opossum, also certain ground 
squirrels and chipmunks in California. Trypanosome infections ore well 
represented by sleeping sickness with its numerous big game reservoirs, 
and Chagas’ disease with its armadillos, opossums, and dogs. 

Recently a remarkable suggestion has been made by Maldonado, re- 
ported in the Bulletin de la Societe Pathologie Exotique, vol. xxiv, no. 1, 
pp. 27-28, that certain plants may act as reservoirs of the causative 
organism of verruga, a disease of man, and that the species of Phleboto- 
mus flics that transmit the disease may feed on the latex. It is also sug- 
gested that this would explain why these sand flies are so abundant dur- 
ing the 'rains (January to April) when this particular plant growth 
[Jatropa basiacantha and Orthopterygium huancui) is most luxuriant. 
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pathogenic organisms may be sucked up vrilh dejecta and passed out 
with the feces of the fly, and deposited on human food, either in their 
original virulent condition or more or less attenuated. 

2. A more complicated situation exists in the case of the AnopheUs 
mosquito which sucks up pathogenic organisms (plasmodia) with its 
meal of human blood, and these parasites undergo vital sexual changes 
within the body of the insect, eventually finding lodgment in the salivary 
glands before introduction by llic “bite” into the next human victim. 
The insect in this ease is essential. 

Digestive system. — ^There are three distinct regions to the insect 
intestine (Fig. 12) ; namely, (1) the fore-g^it, consisting of the mouth, 
pharynx, oesophagus, crop and provcntriculus; (2) tftctnid-ffiit, compris- 
ing the stomach; and (3) the hind-put consisting of the ileum, colon, 
rectum and anus. The crop presents merely a widened portion of the 
oesophagus in the more goncralitcd forms and serves as a food receptacle. 
In the more specialized groups, such as the Diplcra and Lcpidoptcra, the 
crop is expanded into a capacious pocket or pouch. In such forms as the 
cockroach and grasshopper the provcntriculus consists of a highly mus- 
cular dilation provided internally with chitinous teeth for grinding or 
straining food. The stomach is a simple sac into which open the gastric 
caeca, generally few in number, which give rise to certain digestive fluids. 
At both ends of the stomach ate located valves which control the flow of 
the food. There is much variation in the length and degree of convolu- 
tion of the hind intestine, but usually the three regions mentioned, 
namely, ileum, colon and rectum, may be located. Emptying into the 
ileum arc the excretory or Afolpiphian tubules varying in number and 
length in the various groups of insects. 

The salivary system consists of a pair of salivary glands which may 
be lobed: they are situated within the head, often extending into the 
thorax. Usually each gland empties into a soltuarj/ duel, the two ducts 
emptying into a common duct which opens into the mouth at the base of 
the labium. In many species of insects there is present a pair of solivary 
resen/otVs; these may be located near the opening of the common duct 
and then present a compound condition, or may be situated on either side 
of the oesophagus at the end of a long slender duct. 

Insect classification. — The medical entomologist must be equipped 
with a good knowledge of the basic principles of classification, so as to 
enable him to place the insect at hand correctly in its proper order and 
family at least, and in the case of insects of sanitary importance he 
should be able to run the specimen down to the species with the aid of a 
key. To determine the order to which an insect belongs one need usually 
know only the character and structure of the wings if present and the 
type of the mouth parts. This will enable the student to place at least 
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ninety per cent of tiie comraoner insects in tiieir proper orders. Un- 
fortunately, the parasitic forms have undergone many modifications 
such as reduction or loss of wings and great alteration in form, but gen- 
erally the mouth parts will serve os a ready means for crude identifica- 



Fio. 12 — Showing digestive tract of cocfctoscli. Order Ortlioptera (top figure); 
coneaose bug. Order Hemiptera (middle figure), and enopheiine mosquito. Order Dip* 
tcra (bottoni figure). Adapted after 3fial] (top figure). Elson (middle figure), and 
Ilerms (bottom figure) ExpJanafion of abbrenationa. Ac G , Accessory glands; An , 
Anus; Aor, Aorta, A. S. G , Accessory aalivary gland, Br, brain; Ca, Cardia; Co , 
Colon, Cr., Crop, Ej D , Ejaculatory Duct, Eso, (Esophagus, Eso. D , (Esophageal 
Diverticula; Gas C., Gastric Caeca; He, Heart. Hyp. Hypopharyn’r, II, Ilium, 
Labm , Labium; Labr, Labnim; Max S, Ma^iUary Stylet, Md S, Mandibular 
f ■■II - ‘ ■ '■ Nerve Cord; Pc , Penis, 

„ ity. P S G, Principal 

, ' P, Kectal Papilla, Sal 

, ' f Pump, S K, Salivary 
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in determining the identity of the principal veins. Fig. 13b illustrates the 
R-C-N system * of nomenclature (Tillyord’s revision) which is used in 
this book. 

Metamorphosis.— In order to attain to the size and development of 
the parent, the young insect undergoes greater or less change in size, 
form and structure. This scries of changes is termed mefomorphoais. 





Fic 15 — Illustrating simple mctamorpliosH n Young vMngloss grasslioppcr. 
h Showing wing pads alter the first molt, e. Adult ot the same. (Redrawn alter 
Packard ) 

The least change is found in the Aplerygola (silverfish and springtails ) , 
which are primitively wingless insects, and hence the newly emerged 
young individual is externally unlike the parent only in size: this type of 
metamorphosis is termed primitive (Fig. 14) . 

A greater degree of metamorphosis occurs in the grasshopper. There 
is not only a great difference in size, but the absence of wings in the 
• Iledtenbacher, Comstock anil Keedham. 
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you»g is lit onie apparent. In order to reach the winged condition, the 
young individual casts its skin at latcrvalsj and with each eedysis 
achieves longer wings until after a certain number of molts the fully 
developed wings are present. The following stages may be recognized: 
U) egg, (2) nymph, (3) imopo or sexually mature adult. This type of 
metamorpiiosis js called simpfe or incomplcfc^ and the orders comprising 
tlicse are known ns the Heterometabola. (Fig. 15.) 

The greatest difTcrcncc between Uie newly hatched young and the 
parents occurs in such forms as the housefly (Fig. 16) and the butterfly. 
In these forms the newly hatched insect has no resemblance whatever 
to the adult, but looks more like a segmented worm. However, the inter- 



Fid 16 — Illustrating coniplpx metamorphosis tife history of the common housefly 
Egs> I<orva, Fupa: Adult 


nal anatomy and certain other features are distinctly insectan. The fact 
that the young are mandibulate and the adults haustellate in Diptera 
and liCpidoptera offers much interesting ground far ecological discussion, 
but is out of place at this time. In order to attain the winged condition 
of the adult the wingless, worm-Iike form must undergo many profound 
changes and a new stage is entered, the pupa, or resting stage, in which 
this transformation is accomplished. The newly hatched young insect 
is called the iaruc, hence the following stages: (1) egg, (2) larva, (3) 
pupa, and (4) imago (adult) . This type is termed complex or complete 
metamorphosis, and the orders comprising these are known as the 
Holometabola. 

External anatomy. — ^In order to familiarize himself with the exter- 
nal anatomy of insects, especially vnth the parts upon which classiflea- 
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tion is mainly based, the student should study carefully some large hard- 
bodied insect, such as the horsefly (Fig. 17) . 

The orders of insects.— The follo?ring orders of the Class Insects are 
commonly recognized by cntomologiste. 

Sub-class I. Apterygota (Ap'ter-y-go'ta), apterous insects. 

1. Thysanura (Th/sa-nu'ra) {Thysanoi, a tosselj oura, tail), Silveifisb, 
Bristletails. 

2. Collembola (Col-Iena'bo-Ia) (Co««, glue; cmfeofos, a peg) , Springtails, Snow 
fleas. 

Sub-class n. Pterygota (Pter'y-go'ta), winged insects. 

Division I. Exopterj^ota (Exo-pter'y-go'ta) . 

{Heterometabola— Insects with ample metamorphosis) . 

3. Orthoptera (Or-lhop'ter-a> (OrtAos, straight; pieron, mng), Gra^hoppew- 

4. DeTmaptwa (Det -mapper -a) (DeTwo.^nv ptcron,wing),Earwi^. 

5. Plecoptera (Ple-cop'ter-a) (Pleco, plaited; pteron, wing), Stone flies. 

6. Isoptera (I-sop'ter-a) {Iso, equal; pteron, wing), Tennitea. 

7. Embioptera (Em-bi-op'ter-a) (Embfos, lively; pf cron, wing) , Embuds. 

8. Psocoptera (Pso-cop'ler-a) {Psoc, gnawing; pteron, wing), Psocids, Batfc 
lice, Book lice. 

9. Anoplura (An'o-plu'ra) [Anoplos, unaitned; ouro, tail), True lice, Suddng 
lice. 

10. Mallophaga (Mal-Iopb'a-ga) (Jlfottos, a hair; phagein, to eat), Bird lice, 
Biting lice. 

11. Ephemeroptera (Eph'em-er-op'ter-a) (Ephemeros, living for a day; 
pteron, wing) , May flies. 

12. Odonata (OAion'a-ta) (Odous, a tooth), Dragonflies and Damsel flies. 

13. Tbysanoptera (Th/sa-nop'ter-a) (TAyaonos, a tassd; pteron, wing), 
Thrip. 

14. Henuptera (He-mip'ter-a) (Hcmi,half; pteron, wing). 

a. Eemiptera-Heteroptera {Heteroe, different; pteron, wing) , Bugs, such as 
conenose bugs, squash bugs. 

b. Hemiptera-Homoptera (Ho-mop'ter-a) (ffomoi, same; pteron, wing), 
Cicadas, Treehoppers, I^afhoppers, ^yllids, Sc^e insecte and ApMds. 

Divison II. Endopterygota (En^o-pteiKy'go'ta). 

(Holometabola— Insects with complex metamorphosis) . 

15. Neuroptera (Neu-iop'ter-a) (f/euron, nerve; pteron, wing), Dobson flies. 
Ant Lions, Lacewinga. 

16. Mecoplera (Me-cop^ter-a) (Mccoj, length; pteron, wing), Scorpion flies. 

17. Trichoptera (Tri-chop'ter-a) (Thrix, a hmr; pteron, wing), (^ddis flies, 
Case flies. 

18. Lepidoptera (Lep'i-dop'ter-a) (Lepis, scale; pteron, wing). Butteries, 
Moths. 

19. Coleoptera (Col'B.op'ter-a) (Coleos, ^eath; pteron, wing). Beetles and 
Weevils. 

20. Sliepaptera (Strep-sip'ter-a) (Strepsi, twist; pteron, wing), Twisted-wing 
insects, Stylops. 

21. Hymenoptera (Hy^men-op'ter-a) (Hymen, a membrane; pteron, wing), 
Bees, Ants, Wasps, Sawflies, Homti^s, Gallflies. 

22. Kptera (Dip'ter-a) {Dis, two; pteron, wing), Flies. 

23. Siphonaptera (Bi-pho-napTer-a) i&phon, a tube; apterous, wireless), 
Fleas. 
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The Arachnida. — ^Thc class Arachnida includes the ticks, tnites, 
spiders, scorpions and related fonns. Among the species of arachnids are 
some of the most important parasites and vectors of disease of man and 
beast, such as the ticks ■which carry spotted fever and relapsing fever 
of man, and others which transmit Texas cattle fever and bovine ana- 
plasmosis. Parasitic mites cause forms of acariasis, often serious, such 
as mange, scabies and various forms of itch, and may, like the ticks, 
serve as vectors of disease, particularly Japanese flood fever. 

The more impo'*''"* “’“"'‘bnids lack distinct segmentation, c.g., ticks, 
mites and spiders, ’ ' 

clearly segmented 

the cephalothorax (prosoma) composed ol comumeu iju^iu , 

and second, the abdomen (opislhosoma) . In the ticks and mites there is 
a strong fusion of the cephalothorax and the abdomen so that the body 
becomes sac-like in form. 



Fxa. 18.— -Showing oxtercat morphologj' of a spider. C, coxa; Ch., chelicctaj 
E, eyes; Fm., femur; Op., opisthosoms; Pat, patella; Pd., pedipalp; Pr., prosomal 
Ptar, pretarsus; Sp, spinnerets; Tar, tarsus. Tb., tibls; Tr., trochanter. 

Adult arachnids with few exceptions have four pairs of legs, though 
the larvae of ticks and nearly all mites have but three pairs. In spiders 
there is a pair of pedipalpi which in scorpions, whip scorpions and 
pseudoscorpions are strongly chelate. AH arachnids are devoid of wings 
and antennae. Eyes when present are simple; compound eyes are want- 
ing. The mouth parts usually consist of a pair of piercing chclicerae, pedi- 
palpi and in the Acarina a hypostome. The respiratory system of many 
arachnids, particularly ticks and mites, is tracheal as in insects, except 
that there is usually but one pair of spiracles. In spiders the respiratorj’ 
organ is a combination of lung books and tracheae. There is frequently a 
strong sexual dimorphism in the arachnids; the males are commonly 
smaller than the females. 

In general the arachnids are predatory and perhaps most of them are 
nocturnal, although there are some species of spiders and scorpions which 
are largely diurnal. 


ARACHNID DEVELOPMENT 63 

Arachnid development. — Arachnida deposit eggs in all the orders 
except the scorpions and some mites {Pedk^ides) which are vivipa- 
rous. Eggs are usually numerous, particularly in the ticks, which may 
deposit as many as five to six thousand. The newly hatched individuals 
have the general form of the adults, although the number of legs may 
vary, e.g., newly hatched ticks and mites usually have three pairs of 
legs. Development from the young to adult is gradual, no metamorphosis 
being involved as in the higher insects. Molting takes place as in insects, 
the various stages being termed inslars as in the Insecta. The longevity 
of many arachnids is remarkable; ticks have been known to live for as 
many as six to seven years and some species are able to endure starvation 
for several years. 

Internal anatomy. — ^Thc digestive tract of arachnids (Fig. 19) is 
characterized by various types of diverticula and branched tubules. The 



diverticula which diverge from the tract between the sucking organ of 
the pharynx and the mesenteron, range according to Savory ® from two 
short simple sacs directed forward in the cephalothorax to a condition of 
five pairs, four of which extend laterally and reach the bases of the legs 
and enter the coxae for a short distance; also a very complex type which 
branch and divide and become very large. From the mesenteron leads a 
complex system of branched tubules which occupy most of the abdomen 
and function partly as a digestive gljmd and partly as a reservoir. The 
Arachnida are thus enabled to store large quantities of food products and 
are able to undergo long periods of fasUng, an adaptation which partic- 
ularly fa\-or3 the parasitic forms. 

The excretory organs of the arachnids are Malpighian tubules which 
empty into the gut; and coxal glands which empty excretory products 
into tubules and discharge to the exterior from openings which vary in 
relation to the coxae with the several ordere. 
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7. Hymenopteron type — mouth parts consisting of suctonai, Zapping organs, 
mandibles specialized for portage and combat, as in the bee, wasp and ant. 

8. Lepidopteron type — mouth parts consisting of a suctorial coiled tube, os in 
the butterfly. 

Mobphojxwy ot Mouth Pahts 

The Orthopteron type. — To illustrate this type either the grass- 
hopper or the cockroach raay be used. This type, the raandibuZate or bit- 
ing, is the generalized or primitive form and will serve ns a basis for later 



comparisons and derivations. It is not directly of importance in medical 
entomology except as it furnishes a basis for a better understanding of 
the haustcllate or sucking types. 

If the head of a cockroach or grasshopper is viewed from the side and 
again from the front, the relative position of the parts will be better 
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order is of the haustcllate type, the mandibles are nevertheless important 
structures, serving, for example, in the honeybee ns wax implements and 
organs of defense, and in ants as organs of portage and combat. In 
Hemiptcra and many Diplera the mandibles are modified into piercing 
organs while the maxillae are subjected to great modification. 

Thysanopteron type.— Though like the first type, unimportant in 
relation to disease transmission, this type, the physopodan (Fig. 21), is 
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Fla. 22 . — llemipteroa type of mootb parte (Adapted after ranoua authore ) 


distinctly important phylogenetieally as a connecting link between the 
biting and piercing-sucking mouth parts. It is in the very minute thrips, 
order Thysanoptera, that we find a transitional type of mouth parts, 
biting in general structure but sucking in function. According to various 
authors the right mandible is reduced and by others said to be entirely 
wanting, making the head and mouth parts asymmetrical ; the left man- 
dible, maxillae and hypopharynx are elongate, suggesting the stylet of 
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the piercing type, and adapted to move in and out through a circular 
opening at the apex of the head. No food channel is formed, but the eap 
is lapped up as it exudes from the abraded surface. 

Hemipteron type. — A very different sort of organ from those above 
described is found in the order Hemiplcra (Fig. 22). Hero the labiurQ 
forms a prominent proboscis which is usually three- or four- (rarely one* 
or two-) jointed and telescopic. The proboscis encloses a pair of mon- 
dibles, often provided with terminal barbs, and a pair of max^lae, all 



Flo. 23 — ^Head and month parts of a sockio^ louse. AaopluroQ typo of mouth parts- 
(Redrawn and adapted after Tarioua authore ) 

Btylet-like and of great efBciency in piercing the skin, the maalla® 
operating as a unit with the mandibles functioning separately. 
maxillae are closely apposed, forming the food and salivary tubes, with 
the mandibles aiding in rigidity. The lobrum is quite short and incoU' 
spicuous. 

Anopluron type. — ^The xnouih parts of the Anoplura (sucking lice) 
are distinctly sucking in function but He concealed within the head 
(Fig. 23) . The mouth opening is situated at the extreme anterior portion 
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structures of the more generalised type, loosely cnshcathed within the 
elongated labium, the whole forming a prominent beak or proboscis. The 
identity of the six stylcU is well established, and it is generally accepted 
that. Ibcy leptesewt lha two mandibles, the two masillGC (distinctly set- 
rated distally), the hypopkarynx, and the fabrum-epipftarynx. The 
palpi are conspicuous structures in all mosquitoes. These represent the 
maxillary palpi of the grasshopper, while the pair of flattened lobe-Iikc 
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Fia. 25— Head and mouth parU of a horaefiy. (In part redrawn after Bnodira**! 

organs forming distal portion of the proboscis are said to represent 
the labial palpi and are called the labella. 

The mouth parts of male mosquitoes are subject to considerable 
modification ; reduction in size and strength of the mandibles and max- 
illae is pronounced. These differences often occur in other Diptera. 

(b) Second subtype, the horsefly . — While retaining the same number 
of parts as the mosquito, this subtype is distinctly characterized by 
flattened blade-like condition (Fig. 25) . That these mouth parts serve 
primarily as cutting structures is evident from the quantity of blood 
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usually drawn by the “bite” of a horsefly, especially one of the larger 
species such as the black horsefly (rabanusafrattwFabr.). TheloMum 
is Uie conspicuous median portion loosely ensheathing the blades and 
terminating in large lobelia. The mandibles arc distinctly flattened and 
eaber-like, while the mcwrillae are narrower and provided with conspic- 
uous pcipi. The hypopharynx and labrum-epipharyna are both lancet- 
like. In the male these piercing parts are very weakly developed and are 
not useful as weapons of attack. 

(c) Third subtype, the stable )!y.— This subtype (Fig. 26) is repre- 
sented by a group of flies in which the mouth parts arc distinctly special- 
ized for piercing, and show, together with the next subtype, to what 



Flo. 26 — H«ad ftcd mouth porta of tbe sUhleflf. (RedroTm sod adapted after 
Tanooa authors.) 

extent these structures may become differentiated within the same 
family of insects. 

The proboscis at rest is carried attfae position of h bayonet at charge, 
and is therefore provided with a prominent muscular elbow or knee. This 
conspicuous organ (the proboscis) is the lobium terminating in the 
lobelia, which are provided with a complex series of cutting and adhesive 
structures. TOthin the folds of the labium and easily removable through 
the upper groove He two setae, the labnm, the uppermost and heavier 
stylet, and the kypopkarynx, a lower and weaker one, the two forming 
a sucking tube supported within the folds of the labium. The maxillary 
palpi are located at the proximal end of the proboscis. 
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(d) Fourth subtype, the housefly. (Fig. 27) the prominent 
fleshy proboscis consists mainly of tJic labium, which terminates in a pair 
of corrugated rasping organs, the labella, and is attached in elbow-like 
form to the elongated head. The entire structure is highly muscular and 
may be either protruded in feeding or partially withdrawn while at rest. 
Lying on top of the grooved labium is the inconspicuous spade-like 
lobmm, which forms, with the hypopharynx, a sucking tube, supported 


&IDE VIEW FftONT VtEW 



Flo. 27. — Head and mouth parts of the common housefly, lower right 
shows detailed cross-section of a pseudotrachea in the lahella. (Redrawn and adapted 
after various authors ) 

by the labium, which latter also encloses the salivary canal. By an 
amination of the labrura it will be seen that it forms a sort of convex 
covering to the concaved hypopharynx, thus giving rise to a food tube. 
The maxillae have evidently become fused with the fleshy elbow of the 
proboscis and only the prominent maxUlary palpi remain. 

(e) Fifth subtype, the louse fly. — -The louse flies, members of the 
family Hippoboscidae, have mouth parts closely related to the third sub- 
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type, the stable fly; the characteristic tubular or cylindrical haustellum 
is adapted for penetration into the akin of the host. The labncni'epi- 
pharynx'h stylet-shaped and its proximal portion is strongly chitinized 
and rigid, whereas the distal end is membranous and very flexible.^ The 
hypophnr 3 rnx in the two common species, Pseudolynchia canariensis 
(Macq.) [Lynchia maura (Bigot)} and Mclophagus ovinus (Linn), is 
nearly as long as the combined haustellum and labellum, and is a very 
slender and hyaline mouth part. 


SIDE VIEW VtxnutVIEW 



Pio. 28 — ^Head and tnoutb parts of a fiea. (Itedrswn and adaptsd aft6r various 
anthors) 

Siphonapteron type, — The mouth parts of tiie Siphonaptera (fleas) 
(Fig. 28) represent a generalized sucking type, somewhat related to the 
horsefly type of the Diptera bearing long labial and maxillary palpi. The 
long rapier-like mandibles are the only cutting organs which by close ap- 
position to the labrum-eptpharynx form the food channel. In addition 
the mandibles are grooved on their inner surfaces ventrally, forming the 
salivary tube by apposition. The labrum-epipharynx is long and slender 
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but blunt distally. It is rolled scrolWike ventrally and is partially sur- 
rounded by the mandibles, thus fonning the food channel. The maxillae 
are short, broad plates which do not function in biting. The short ftypo- 
pharynx projects into the food canal at the base of the mandibles and 
forms the floor of the food channel. The labium consists of a short median 
body hollowed anteriorly and beanng labial palps distally. The wound 


FiO. 29~Eead and month parts of the honeybee fA.pii irelHfica). Both type* 
mouth parta yrell developed, but the mandibles are used chiefly for portage and model- 
ing. (Hymenopteron type.) A. Front view of the head showing (1) antennae, (2) com- 
pound eyes, (3) eimple eye, (4) labmto, (Q mandibles, (6) maxillae (galea), (7) labium 
i8) labium (gloua). B. Mouth parts removed to show the parts, (fl 
mandibles, (6) maxillae (lacinia). (7) labium (palpi only), (8) labium (glossa), (8) 
bouton. (10) maxillary palpus, (11) prcmentum, (12) mentum, (13) cardo, (U) 


is made by the protraction and retraction of the mandibles only. As soon 
as the blood begins to flow, it is sucked up into the pharynx by the action 
of the pharyngeal pump. 

Hymenopteron ^^>6. — In this type the two general classes of mouth 
structures, the mandibvXate and hauitellate, find full development in the 
same species, though the mandibles are not involved in the feeding 
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process. The honeybee (Fig. 29) serves os o representative species. The 
labrum is narrow and quite simple, the mandibles ore easily distinguish- 
able and are useful wax implements. In ants the mandibles are highly 
efficient carrying organs and weapons of defense. The maxillae form the 
lateral conspicuous wings of the suctorial parts; the lacimo and paleo are 
fused and the maxillary palpi arc minute. The labium is represented by 
the Jong structures to the right and left of the middle tube nhich is prob- 
ably the hypopharynx. The hypopharynx terminates in the spoon-like 
labellum or bouton which completes the lapping character of the subtype. 

Lepidopteron type.—This type, represented by the commoner but- 
terflies and moths, is typically a coiled, sucking tube capable of great 
elongation. Taking the cabbage butlerfly,Pjem rupee (Linn.), as an ex- 
ample (Fig. 30} the labrum is seen to be greatly reduced, the mandibles 



FlO. SO/— Head and mouth parta oi a VuUerfly (yonn$a $p). (A) Side Tieir. 6uc< 
tonal, coiled tube, LepidopteroD type (1) antennae, (2) compound eye, (3) proboscis, 
consistinsonly of tbe galeae, (4) labial palpus. (The labrum is not visible in aide view) 
(B) Section of proboscis showing doable nature. 


absent. (These may be weakly present in the lower Lepidoptera ) Tbe 
maxillae are apparently only represented by the galeae, which by close 
approximation of their inner grooved surfaces form the long coiled 
proboscis. The double structure of tbe proboscis can be easily demon- 
strated by manipulation. The labium is represented by the labial palpi. 


Orders of Insects Arranged According to Mouth Parts with 
Type of Metamorphosis Indicated 

I. Orthopteron type * — ^Biting or chewing mouth parts. 

1. Order Thysanura — eilverfidi, bristletails; mouth parta entognatbous 
or ectognathous; metamorpho^ pnnutive. 

.*The term orthopteron U here merely applied to indicate a biting type which 
varies considerably even in the order Orthoptera. 
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2. Order CoIIembolR— ^pringtails, 6 Row fleas; mouth parts cntogaa- 
thous; metamorphosis primitive. 

3. Order Orthoptera— grasshoppers, cockroaches; metamorphosis 
simple. 

4. Order Dermaptcia— earwigs; simpic metamorphosis, 

5. Order PJecoptcra-^ono flies; mouth parts often reduced; meta- 
morphosis simple. 

6. Order isopteta — termites; simple metamorphosla. 

7. Order Embioplcra — embiids; simple metemorphosia in male, primi- 
tive in female. 

8 Order Psocoptcra—psocids, bark lice, book lice; primitive or ample 
metamorphosis. 

0. Order Mallophaga — ^biting licc, bird lice; wmple metamorphe^. 
10 Order Ephemeroptcra— may flics; mouth parts vestigial; simple 
metamorphosis. 

11. Order Odonata— dragonflies, damsel flies; simple metamorpho^. 

12. Order Neuroptcra— Dobson flics, ant lions, lacewings; ^plc meta- 
morphosis. 

13. Order Mecoptera — scorpion flies; mouth parts prolonged into a 
beak with mandibles at the lip; complex metamorphoas. 

14. Order Trichoptcra— caddis flics (motb-like) ; complex metanjor- 
pbosis. 

15. Order Coieoptera— beetles; complex metamorphosis. 

16. Order Strepsipteta — twisted-wing parasites; metamorphosis com* 
plex with hypermetamorpbo^. 

II. ThytanopUron type— Rasping-sucking; biting in structure but suckffl? 

.•.w.... »•«».,.» I... -—tesentaa trana* 

17. ' s. 

III, Hemipteron type. — Elongated lypic^y 3- or 4-segmented probosc:^ 

snugly enclosing stylet-Jike mandibles and maidllae; piercing aad 
suctorial. 

18. Order Hemiptera (including Homoptera) — ^bugs, bedbugs, cone- 
noscs, cicadas, treehoppers, aphids; simple metamorphosis. 

IV Anopluron type.-— Mouth parts picrcmg-sucking, completdy withdrawn 
m head when not in use; mandibles wanting or reduced; maxillae, 
hypopharyTa and labium form functional stylets. Circlet of oral 
evertible teelb provide attachment. 

19. Older Anoplura-— The sucking lice; simple metamorphosis. 

V. Dipteron type.— XJnsegmented proboscis, which may or may not contaia 
piercing stylets. 

20. Order Diplera— mosquitoes, flies, et of.; complex metamorphoas. 

a. First subtype — mosquito — ^loosely ensheathed, piercing, delicate, 
Etylet-hke structures, six ia number, suctorial. 

b. Second subtype~horeefly— piercing, bladehke structures, ex 

in number; suctorial. , 

c. Third subtype— stable fly — closely ensheathed, piercing heavy 
etylet-hke structures, two in number; suctorial. 

d. Fourth subtype — ^housefly — fleshy, non-piercing; suctorial. _ 

e. Fifth subtype — ^louse fly — cylindrical, with stylet-Uke'picw^® 
structures, suctorial, Closdy related to stable fly. 
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VI. Siphonapttrm type.'-Mam^Wes are cutting organs, which by close 

apportion to the labrom-epipharynx form the food channel; maail- 
lae do not function in biting; cutting-piercing-sucldng in function. 

21. Order Sipbonaptera— fleas; complex metamorphosis, 

VII. fiymenopteTon typc.—For feeding purposes the mouth parts are of a 

non-piercing, lapping type, but for purposes of combat and portage 
the mandibles ate well dcvefoped- 

22. Order Hymenoplera— ants, bees, wasps, et ol.; complex meta- 
morphosis. 

VIII. LepidopUron type,— Proboscis in tbc form of a greatly elongated coiled 

tube; non-piercing, euctonsd. 

23. Order Lepidoptera— moths and butterflies; complex metamorphosis. 

Arachnid mouth parts.— The mouth parts of the Arachnida ate 
essentially piercing-sucking, origans, either sucking the blood (if blood- 
suckers) directly from a wound made with piercing organs, or crushing 
the victim and then sucking the juices. In both instances sucking organs 
are used to draw the liquids into the stomach. 

The mouth parts consist of a pair of cheliceroe lying in front of the 
oral opening and subject to great structural modification ; a pair of leg- 
like, segmented pedipalps, situated in the immediate vicinity of the 
mouth, that function variously as organs of prehension, protection, and 
in male spiders are speoialised for use in transferring semen to the 
females. 

In the ticks and other acari there is present a hypostome, functioning 
as a prehensile organ similar to the cvertible teeth of Anoplura. 
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COCKROACHES AND BEETLES 
A, The Cockroaches 
Order Ortkoptcra, Family Blattidae 

Few insects invading the household are looked upon with as much 
disgust as are the cockroaches. Fortunately the night prowlings of these 
insects and their secretive habits by day may spare the otherwise good 
reputation of many restaurants and hotels. The sanitary inspector, par- 
ticularly the food inspector, who suggests the presence of these loathsome 
creatures without much strong evidence, is due to have a good argument 
on his hands. Evidence in material form is not always essential, for be it 
known to all inspectors the odor of cockroaches is difficult to conceal. 

General characteristics. — Cockroaches belong to the family Blat- 
fcidae of the order Orthoptcra. Some authors place these insects in a sepa- 
rate suborder, Blattariae, which in turn is divided into several families, 
among them, Blattidae, Panchloridae, Panesthidae and Corydidae. Al- 
though there are numerous species (nearly a thousand being described) 
very few have become habitually house invaders in temperate climates 
and these belong to the Blattidae in a restricted sense. Roaches have 
characteristically dorsoventrally flattened, smooth bodies and are chest- 
nut brown to black in color. The head is rather decidedly flexed back- 
wards and the many segmented antennae are extremely long and slender. 
There are two pairs of wings when present. The w’ings of the males am 
usually well developed, while those of the females are short or vesti^al 
in several species. The outer pair of wings (tegmina) is thick and 
leathery, while the inner is membranous and folds fan-like. While the 
fully winged forma possess the power of flight, the group as a whole h 
cursorial (running) in habit and can cover ground in this manner with 
remarkable rapidity. 

The mouth parts are of the generalized orthopteron (biting) typ® 
with strong mandibles. Their food habits may be classed as almost 
omnivorous, with special preference for starchy and sugary materials- 
They attack human foods in practically all stages of preparation and 
apparently feed on anything that lies in their path, from the most delicate 
viands to the vilest excretions, even feeding upon their own cast-off skins 
and their dead and crippled kin. They feed at night, being typically noc- 
70 
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turnal in habit. Whore during the daytime everything may appear to 
be free from these peats when abundant, one may hear the crackling of 
their bodies under foot at night, if one should chance to invade their 
haunts after dark. 

Not only do roaches disgorge portions of their meal at )nter\'Bl8 after 
feeding and drop their feces on unprotected surfaces, they also discharge 
a secretion, both from the mouth and from scent glands, which imparts 
a disagreeable and nauseous odor to anything with which it comes in 
contact, particularly food and dishes, which is very difficult to eradicate. 

Life history.— The eggs of the cockroach are ossembled in the body 
of the female in a chitinous capsule or ootheca (Fig. 31) which when 
completed is often carried by the insect for several weeks partly pro- 
truding from the abdomen. Several tropical species (Poncbloridae) are 
viviparous, i.e., giving birth to living 
* young. The individual eggs are ar- 
ranged in a double row within the 
capsule, and in the croton bug there 
are usually thirteen pairs. When the 
youngareready to hatch, the ootheca 
is deposited, usually in some dark 
corner or crevice, and the female ap- 
parently keeps her broad close to- 
gether for a short while. The young 
on hatching are almost white and 
very soft, but soon become brown- 
ish and hard and resemble the adults 
except for size and the absence of 
^gs. The metamorphosis is simple. 

Their development is quite slow. 

The young roaches molt soon after batching and again in about 
four weeks and four or five times thereafter, reaching full growth 
usually within a year. There appears to be but one generation a year for 
thelarger species, though no doubt temperature and food conditions have 
uiuch to do with their rate of development. The small German roach 
uiay have two or three generations in a year. In colonies of roaches there 
fife usually all stages of development present. Roaches can apparently 
live a long time without food or water; HoU reports in the London Lancet 
(June 3, 1916) that one individual had sur\*ived for 76 days in a Petri 
dish. 

Species and distribution. — ^Aa household pests cockroaches are 
v?idely distributed, chiefly through mBritime trading; holds of vessels 
fi3 well as the crew’s sleeping quarters are oftentimes overrun with 
miserable pests. The mort widely distributed species are the 



F|6. 31 — Ege cases (oothecae) o{ cock* 
roachea. (o) oriental roach; (6} croton 
boe. X 3. 
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German roach, or croton bug, BlaUlla germanica (Linn.) (Fig. 32), 
and the oriental roach, Blatla orientalis Linn, (Fig. 33). The German 
cockroach or “water bug" is one of the smallest species, measuring about 
five-eighths of an inch to the tip of the wings, which are present in both 
sexes. This cosmopolitan species is evidently the most common form 
along the north Atlantic and north Pacific coasts, as shown by observa- 
tions made in Boston, New York and San Francisco. The name croton 
bug has been applied to this insect because of its appearance during the 
construction of the Croton water system of New York City. In color the 
insect is a muddy brown with two longitudinal stripes on the pronotum. 
Although principally nocturnal, like other species, it may be seen running 



FlO 32 — The croton bug (cockroach), BlaieUa (~EQtohia) germanica, in vanoa* 
stages of derelopment. The adult female is shown with egg case or ootheea in normal 
position protruding from the terminal abdominal segment. X 2. 


about in daylight. The oriental roach is a little niore than an inch in 
length and is very much darker than the croton bug, hence is often called 
“black beetle" (the term beetle being wrongly applied) . The female has 
vestigial wings, while in the male these organs are short, reaching not 
quite to the tip of the abdomen. Tliis form is common in the eastern and 
central states and the author has taken it in various localities in Cali* 
fomia. 

Another house-infesting species is the American cockroach, 
planeta americana (Linn.) (Fig. 34), a light chestnut-colored specicSi 
which reaches a length of an inch and a half to two inches and has long 
wings in both sexes. This is also a common species in the middle, western 
and southwestern states, being especially abundant in Mexico and Cen- 
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trni America, where it is native. It resembles a slightly shorter species 
occupying about tiie same territory in tlic United States, namely, Peri-’ 
planeta australasiac (Fabr.) , which differs further in that the Australian 
roach has a strong straw-colored line extending about one-third tlie way 
down the outer margins of the wing covers. In the Gulf Coast region the 
tropical cockroacli, Suprtfa supcUectilxum Serv., has become an im- 
portant pest in cities. This species b somewhat smaller than the German 
cockroaches from which it can be distinguished by two yellow cross 
bands, one at the base of the wings and the other about one-sixteenth of 
an inch farther back. One of our commonest native outdoor species is 



hchmptera pennsylvanica (DeG ). To these common forms might be 
added a list of exotic species constantly coming to our shores from 
tropical islands and from the Orient, on merchant vessels, but which have 
never gained a foothold. Among the commonest of these exotic species 
sre members of the family Panchloridoe such oa the green Cuban roach, 
FoncAfora cubensis Sauss., which frequently comes with bunches of 
bananas from Central America. 

. Roaches as carriers of infection. — Roaches as already suggested 
invade situations where infective excrement and sputum may occur and 
nre actually known to feed on such matter. That they feed on human 
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food in practically all stages of preparation is a matter of common obser- 
vation. Hence their habits readily afford ample opportunity for the con- 
tamination of food. Two questions con be easily answered by two simple 
experiments, namely, *'Can the roach pick up specific bacteria?” To 
answer this question a croton bug w'as allowed to crawl over a culture o! 
Pseudomonai aeruginosa (Schrocter) {Bacillus ■pVOcyaneusGess&rd),& 
green chroraogen, in a test tube. The growth on the agar in this tube was 
not profuse. The insect was next transferred to a sterile agar plate upon 
which it was permitted to walk one minute. The roach was then liberated 
and transferred to a second plate for one minute, and then to a third plate 
in a similar manner. The agar plates were then incubated for 24 houn 
at a temperature of 37^ C. At the end of this time a good growth of the 
green chromogen, P. aeruginosa, had developed on all three plates. Sec- 
ondly, "Can the roach carry specific bacteria to human food?" Havisg 
determined in the preceding experiment that the roach can pick up 
known organisms, next one grain of sugar was exposed to a roach which 
had previously walked across an agar plate culture of P. aeruginosa, the 
same chromogen used before. The insect remained with the sugar, feed* 
ing on it for three minutes. The sugar was then dissolved in 5 cc. of 
water and plated on three agar plates, using 1 cc. of the solution for each. 
The plates were incubated for 24 hours at 37* C. P. aeruginosa was 
covered on all three plates, (he growth on none being scanty. This simpk 
experiment can easily be repeated by students w’ho wish to prove in the 
laboratory that certain insects may become food contaminators. 

Longfellow ^ has shown ih&l Escherichia colt (Migula), Protew wl* 
gam Hauser, Staphylococcus aureus Rosenbsch, S. citrous (Migulah 
and a bacillus of ^e subtiUs type are carried on the legs of roaches sc 
that the same organisms are found in the feces, passing uninjur^ 
through the alimentary tract. However, the most important results have 
been obtained by Barber* experimenting with the roach Periplaneta 
americana (Linn.) . He fed cholera dejections to roaches and found tns 
a single insect would frequently ingest as much as 0.2 cc. la eight cases 
cholera vibrios were recovered from the insect’s feces and in one case w 
long as 79 hours after feeding. After the vibrios were discharged by ® 
roach on such moist materials as fresh beef, lettuce, etc., they renjaine 
mobile for at least 16 hours and no loss of virulence was observed 
the vibrios remained in the insect’s intestine as long as 29 hours. 
also found that the roaches disgoige portions of their meal at interva s 
after feeding and that such diverged material contained cholera vibrios. 

The bacterial population of the croton bug. — Six individus 
were selected from a collection of roaches taken from various locahb^ 
and permitted to crawl for one minute over six sterile agar plates (oae 
roach for each plate) . These plates were incubated for 48 hours at 37 
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Each plate ehowed a good growth, tho colonics on examination proving 
to be Boprophytio without exception. 

To secure an approximate estimate of the number and kind of bae- 
toa earned by roaches, two of these insects were treated as follows. 
After Btenhiing pipettes, forceps, tubes, etc., 5 cc. of distilled water 
was placed in each of the five teat tubes. Into these tubes were placed the 
lep and antennae of the roaches— the posterior pair of legs of one roach 
into one tube, those of the other roach in a second tube, the antennae of 
noth roaches in a third, and the remaining pairs of legs of the first roach 

am fourth and the remaining poire of logs of the other roach in the fifth 
tube. Ihe stomach contents were plated on agar. The tubes were shaken 
vigorously for three minutes in order to wash the parts well and then I ce. 
^ 7 “ n pJflted on agar and incubated 2i hours at 

. . • results were all positive, os the following table (Table I) 


TABLE I 


3H0trrfrtj Nombeh and Kind or Bactewa Carried on Individuals or thb 
Croton Boo 


orret 

Rates 

Pttt Of THi 
Rotes Puna 

Dtcmui. 
Caon mcc. 

KiN» er Dtniu Pustn 

I i 

Posterior 

pairoflegs 

1200‘ 

faj Siaphyt&ctrccvs albus 
(b/ Non-spore*beflriBg bacillus 

2 

Posterior 
pair of legs | 

1600* 

fa) Stophytococcui oihus 

W Non-«pore*bearing bacillus 

I 

Rctnsiniag 

legs 

250 

faj JStophplococcui otbus 

fbj Small noD-spore-besriog bacillus 

{ej Sporc*beanng air bacillus 

2 

Remaioiag 

legs 

1200 

(a? Spore-bearing air bacillus 

CbJ Staphyiocoecw albw 

1-2 

Antenas 

3S4 

(a) Spore-boaring air bacillus 

(b) Slaphylococevs ouretu 

yellow pigment 

t 

Stomach 

contents 

U 

(a) Minute bacilli (umtlentified) 



5348* 

for a dilution of Vt 


^ ^ X 53^8* 2 = 13,370* bacteria — minimum oumber present on each roach 


From the above table it will be seen that each roach carried on ite 
^ and antennae and in its stomach a mmimura of 13,370 bacteria, 
“e this does not represent a fair estimate for all roaches, since only 
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two individuals were used, we arc here shown that the roach can cany 
a large number of bacteria. Esten and Mason (Storra Agric. Exp. Sta, 
Bull. No. 61) have shown that the number of bacteria carried by a fiy 
range all the way from 650 to 6,600,000, with an average of one and one- 
fourth million bacteria on each. Thus by comparison it may be seen that 
the roach probably carries fewer bacteria. 

It is furthermore interesting to note that there were more bacteria 
on the single pair of posterior legs than on the remaining two pairs com- 
bined. This is probably explained by the use the cockroach makes of its 
hinder pair of legs. The tibiae and tarsi are in contact with the surface 
on which the insect walks, being parallel with the body. Very often the 
insect stands on the hind pair of legs, with the remaining legs barely 
touching the surface. The forelegs are also frequently brushed by the 


antennae. 

Roaches as intermediate hosts of nematodes. — It was very early 
known that cockroaches may become infected with Spirtira rytipleurites 
(Deslgch.) of the rat by feeding on rat feces, and that other rats may 
become infected in turn by feeding on roaches. Caleb, in Comptes Rendus 
(1878), reports that he discovered numerous parasites in the adipose 
tissue of the roach, Blatta orientoUs Linn., which were found to be iden- 
tical with nematodes found in the rat, Baltus n. norvcgicus. He ako 
found hair of the rat in the alimentary canal of the roach. On feeding 
rats (Rattus r. rattus) with infected roaches and examining them after 
the expiration of eight days, he found the parasites in the folds of the 
mucous membrane of the stomach. Several nematodes (three females 
and one male) had already developed sexual organs. According to 
Fibiger, Berliner KHnische Wochenschrift, February, 1913 (pp- 2^®” 
298) , much evidence is at hand to prove that certain nematode parasites 
(Spiroptera) of the rat produce true malignant tumors. Eggs of these 
nematodes were found in the rat feces but no cmbry'os and he reports lha 
none developed for six months and also that rats could not be infected 
with the eggs, the roach being a necessary intermediate host. Two species 
of roaches were used, namely, Blatta orientalis Linn, and Pen'plancta 
americana (Linn.) . Ransom and Hail * found that although Aphodt^ 


beetles are the normal carriers, the croton bug, Blatella germamca 
(Linn.) , might also serve as an intermediate host for Gongylonema 
cknim Molin, a nematode parasite of sheep and cattle. Referring to the 
discovery of Fibiger relative to sarcoma in rats cited above and base 
on his (Sambon’a) epidemiological studies on human cancer Sambon 


(1925 loc. cit.) concluded that 


“Similar to the role of the hlaria in elephantiasis is, no doubt, that of 
nema in cancer. Like the hlaria, so the gongylonema is not the direct i 
cause of the disease it gives rise to, but it probably is in certain localities, a 
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etiological factor of considerable importance. Tlic son^yloncma, known to be a 
cancer-prodiicins agent in the rat, eocnis an equally Iikdy factor in the incidence 


larj'nx and the cardia (situations invaded by these \rorms) and here cock- 
roaches, meal beetles and cellar beetles (certain beetles such as Tenebrio and 
Blaps of the family Tenebrionidac are suitable intermediary hosts of these 
norms) are an e\'er present vermin in the old houses in which such cancer cases 
occur. These observations so clearly designative of a relationship between worm 
and neoplasm, are strengthened by the fact that gongylonema is present and 
common in the majority of the domestic animals of these regions.” 

Although Sambon dwells particularly on Gong>’lonemn he points out 
that other helminths bear a similar relationship each according to the 
organ which is usually invaded and ia which irritation is set up, thus 
inviting the cancer factor. It is pointed out that cockroaches, either 
intact or in fragments, are only too frequently found in bread and other 
food which may be insufUcicntly cooked to kill the encysted Gongylo- 
nema, making transmission to man a simple matter. 

Control. — Numerous methods have been evolved to combat the cock- 
roaches, and it ia quite certain, that these insects can be controlled in 
dweliingg, restaurants and similar places. Since roaches inhabit dark 
situations, one should bear in mind (hat daylight is the roach's greatest 
enemy. Open clean spaces will not harbor these p^sts. Old-fashioned 
sink cupboards invite roaches. Trapping has been found useful for the 
larger less abundant forms. This consists of a deep, smooth-walled vessel 
(fruit jar or the like) into which is placed a favorite roach food, such os 
chocolate or molasses (stale beer or ale are also recommended). Sticks 
leading to the top of the jar must be provided in order that the roaches 
can easily reach the mouth, and in their endeavor to get at the food, 
tumble into the trap If there is a liquid in the toap, the roaches are 
drowned, otherwise they must be killed by scalding, burning, oiling or 
otherwise. 

Trapping methods are least successful in the control of the common 
cockroach or croton bug; it is certainly far more w'ary than the larger 
species. The ordinary glass-jar-trsp method employed for the larger 
species is not effective. The croton bug can crawl up the sides of a glass 
jar without difficulty and thus make its escape. A dark box-trap is prefer- 
able with one or more tubular pasteboard entrances projecting both 
inside and outside. The mouth of the tube inside the box must be 
guarded either with a single trap door or adhesive substance around the 
outside of the tube and immediately adjacent to the mouth to prevent 
the roaches from escaping after feeding on the bait. The box may be 
baited with sugar, sweet chocolate, a little stale beer or the like. After 
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the roaches have been captured, they are shaken out through a lid into 
kerosene or hot water. The box is then once more baited and placed in 
position. 

Dusting with sodium fluoride is by all odds the most effective means 
of ridding a place of roaches. Commercial sodium fluoride, cither pure or 
diluted one-half with some inert substance such as powdered gypsum or 
flour, may be dusted or blown over shelves, tables, floors and the runways 
and hiding places of roaches. Back* states that “when the powder is 
placed where the roaches run over it, it kills chiefly as a stomach poison. 
It sticks to their bodies, and in cleaning themselves after running over it 
they transfer the powder to their mouths and thus swallow it. As a stom- 
ach poison it is slow but sure. Sodium fluoride powder is the basis of most 
effective roach powders sold under various trade names. It remains 
effective indefinitely in dry situations but in very damp places it may 
cake over and become useless. Applying the powder in the evening is 
advised, and it is best not to clean it up for 2 or 3 days. The application 
should be repeated at intervals of a week or two until all roaches dis- 
appear. Usually one or two thorough treatments are sufficient.” 

B. The Beetles 
Order Coleoptera 

Characteristics. — The beetles may easily be distinguished from 
other insects by the following characters: two pairs of wings arc present 
of which the forward pair, the elytra, is highly chitinized or homy and 
does not overlap at the tip; the posterior pair is membranous and folded; 
the ventral portion of the abdominal segments consists of chitinous 
plates extending at least halfway round the body. (In other insects these 
ventral plates are much shorter as a rule.) 

The mouth parts are of the biting type, mandibles strongly developed. 
The metamorphosis is complex (egg, larva, pupa, imago) with the occur- 
rence of h3T5ermetamorphosis in a number of species. The larvae of this 
order are commonly called “grubs” and may usually be recognized by 
the presence of three pairs of rather feeble legs. 

Scavenger beetles. — AH the scavenger beetles are of public health 
interest since the habit of feeding on dead animal matter might accident- 
ally bring them in contact with infection. Infection may be carried in 
two ways, namely, first mechanically on the body, legs or mouth parts, or 
secondly, in the excreta. The latter method involves attenuation in that 
the pathogenic organism may become reduced in virulence in its passage 
through the alimentary canal of the insect. 

Among the families of scavenger beetles are the Staphylinidae or rove 
beetles (not all animal feeding), recognized by the much abbreviated 
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condition of the wing covers (elytra), thus exposing eight abdominal 
segments dorsally, and giving these beetles a larval orwonn-Iike appear- 
ance, augmented by the flexibility of these parts. The functional wings 
are folded up and concealed under the elytra. The range in size in this 
family is enormous. One very small species in the act of swarming is 
known to get into the eyes of people 
when driving, cycling or motoring, 
causing a severe burning sensation 
by means of the vile-smelling body 
secretions. The species commonly 
met with on turning over carcasses, 
hides, heaps of bones and other 
animal rubbish, belong to two gen- 
era; namely, Creophilus (Fig. 35 
left) and iStapfcylintta (Fig. 35 
right), which include species rang- 
ing from one-half to one mch in 
length. A second family to be con- 
sidered are the Silphidae, or sexton 
beetles, also known a.*- carrion beetles. In habit these insects are more 
decidedly scavenger than the preceding, feeding almost exclusively on 
dead flesh, both as larvae and adults. Again two genera will serve to 
illustrate the commoner forms, namely, Stlpha (Fig. 35, left) and Necro- 
phorus (Fig. 36, right). These two genera ore well illustrated as to 
relative size and general shape by the accompanying flgures. 

A third family, the Histeri- 
dae, is composed of a group of 
sraali-sized, short, shining, 
black beetles commonly found 
about decomposing animal 
matter. 

The fourth family, Dermes- 
tidae, also includes only small 
forms, about one-third of an 
inch or less in length. In shape 
they are elliptical, usually 
dark grayish or brownish in 
color. Skins and other animal 
specimens in museums are often ruined by the museum pest, AnfArenus 
museorum Linn, or Anthrenus verbasei Linn (Fig. 37) , if proper precau- 
tions are not taken. This damage is practically all done by the larvae, 
as is the case with the larder beetle, Dermestes lardarius Linn., and Z>. 
vulpinm Fabr., and the carpet beetle, Anthrenus scrophulariae (Linn.). 



Flo 36 — Sexton beetles (SUplijdae) o 
amencana: b. Ifecrophorui ip. X J 5. 



Fte 35 — Hove beetles (Stapbrlisidse). 
a. CrepphiUi! 6 fJfopAvKniis. X 1 5 
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Relation to disease. — ^Whcrc hides taken from anthracic animals or 
the carcasses arc attacked by scavenger insects it is more than likely that 
there will be danger from this source. The following statements taken 
from Nutt all (loc. cit.) bear directly on this subject: 

“Proust (1S04), in cxaminmB goatskins taken from anthracic animals, 
found quantities of living Dermestes vulpinus Fabr. upon them. lie found viru- 
lent anthrax bacilli in their excrements, os also in the eggs and in the laix'ac. 
It is evident from this that these insects which feed on the skins permit the 
anthrax spores to pass uninjured through tlicir alimentary' tract. Heim (1804) 
also had occasion to examine some skins which were suspected of having caused 
anthrax in throe persons engaged in handUng the leather. He found lan-ac of 
dtta(7Cnit3 pcfh'o lann , /IntArcnus mMeorum Linn, (both Dermestidae) and 
Ptinns, also fully developed insects of the latter species on the skins. All the=e 
insects had virulent anthrax baeilU (spores) on their surface and in their excreta, 
from which Horn concludes they might spread dhcasc. 
lie says the e.tcrcta arc verj' light .and o.i'ily se.ittcrcd 
by the slightest current of air Ileim dors not believe 
the bacilli multiply in the bodies of tl»e<e injects, but 
tliat the latter may be dangerous through their 8c.at' 
tcring the spores about." 

Beetles as intermediate hosts of helminths^ 
Mnny species of beetles serve ns intermediate 
hosts of helminthic parnsites of man and animals, 
both wild and domesticated. Tliis common rela- 
tionship is no doubt due to the variety of feeding 
habits of beetles which enables them to ingest fecal matter in which eggs 
of intestinal parasites of animals commonly occur; thus many coproph- 
agous beetles as well as cereal and omnivorous feeders may readily 
lend themselves as intermediate hosts. As suggested previously (see 
cockroaches) nematode worms of the genus Gongyloneina commonly 
occur in the dung beetles belonging to the Scarabaeidac, such as members 
of the genus Aphodius; also in meal worms belonging to the Tenebrioni- 
dac such as Tenebrio sp. 

May beetles or cockchafers (family Scarabaeidac) are known to be 
intermediate hosts both in the larval and adult stages of the thorn- 
headed worm, Jt/acrccanfftorAt/ncAus Airurfmaceits (Pallas) [(Gifjanio^ 
rhynchus gigas (Bloch) ] , a parasite of swine also said to occur in man in 
rare cases. This nematode w'orm in its adult stage measures from 20 to 
30 cm. in length and about 3 to 5 mm. in thickness, and inhabits the small 
intestine of its host. The eggs arc deposited in this habitat and pass out 
with the feces which may be swrallowcd fay the larvae of the cockchafers. 
These are often extremely abundant among the rootlets of grass in 
heavily sodded pastures, and swrine with free range are exceedingly fond 
of these grubs, in search of which they diligently root up the soil with 



Fro 37— The r«ri<?d 
carp«t b?ctl«, Anihrenui 
I’crtoJcJ. fliowing Urva 
and adult 
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their snouts. Thus every opportunity is given for the grubs to bcoomc 
infected and in turn tlio swine. 

After the ova have been ingested the larvae hatch in a few days 
within the intestine of the insect and proceed to burrow through the 
intestinal wail and into tiie muscles, where they ore said to encyst them- 
selves. In Europe the intermediate host is commonly Melolontha melo- 
lontha (Linn.) and Cetonia aurata (Linn.). 

Numerous species of beetles have been proved to be intermediate 
hosts of the fowl tapeworm, Hatllietwa cesticillus (Molin). The species 
listed by Reid, Ackert and Case “ belong to the following families, Scara- 
baeidae, two species; Tenebrionidae, one species; Carabidae, subfamily 
Harpalinae, 26 species to which they added twelve not previously re- 
ported, giving a total of 38 species in this family. The beetles belonging 
to the genus Amara proved to be particularly favorable hosts although 
the largest number of cysticercoids were produced by a species of Piero- 
stichm, a total of 626 by one beetle which had been fed on four proglot- 
tids. 

The adult tapeworms, which measure from 30 to 32 cm. in length, are 
generally attached to the lumen of the upper third of the chicken in- 
testine. The terminal gravid proglottids which break off pass from the 
body of the Iioat with the feces and continue to be motile for a short time 
after evacuation. 1/ the proglottids are eaten by appropriate species of 
beetles the hexacanth embryos develop and penetrate the intestinal wall 
of the host' and develop into mature cysticercoids in the body cavity of 
the beetle in from 14 to 21 days or longer, usually 14 to IG days during 
the hot part of the summer. If the beetles are now eaten by chickens the 
mature ovoid yellowish brown cysticercoids, which measure from 363 }a 
to S2fp in iengfh by 19dn to 398p in width, according to the above investi- 
gators, are freed in the duodenum of the birds and in about two weeks 
adult tapeworms ore produced. 

The onchosphere stage of R eesttciUiis can be distinguished from 
onchospheres of other species of fowl tapeworms by two funnel-like 
structures in the membranes which surround the hexacanth embryo, 
(Reid, Ackert and Case). Afay beetles of the genus Lachnostema (ac- 
cording to Stiles, Lachnostema arevata Smith and others) are probably 
all more or less concerned. The life history of nearly all May beetles is 
quite long, the larval stage alone often requiring nearly three years. 

In districts infested with the thorn-headed worm a systematic cru- 
sade against cockchafers would be the logical means of control, together 
with the treatment of swine. 

Rose chafers poisonous to poultry. — The rose chafer, Macrodac- 
tylus suhspinosus (Fab.), family Scarabaeidae, has been found to be 
poisonous to chickens, ducklings, goslings and young turkeys by Lara- 
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eon.* He found that chickens fed in quantity on rose chafers showed the 
following symptoms after from four to five hours: 

“Drowsy appearance, with wings drooping, the eyes closed, and a slight 
shaking of the body. This drowsiness increased, leg weakness developed, until 
the chickens no longer stood, but slept resting on their feet and I(^s, and later 
died. Death occurr^ usually from five to twenty-four hours after they bad fed 
upon the rose chafers. Convulsions occurred in about five per cent of the deaths. 
Chickens that survived the twenty-four-hour period after eating rose chafers 
seldom died from the poison, though they did not seem altogether normal for 
several days afterward." ' 

Saw-toothed grain beetle. — At least one ease has been reported to 
the writer in which the saw-toothed grain beetle, Orygcephilus (:=5fi- 



Pio. 38. — The eaw-toothed grain beetle, Orv:<TphiJu$ (=B*lvanuiJ »urxnamfii$U. ^ 53. 

varnis) surinamerms (Linn.) (Fig. 38 ),ofthB family Cucujidae, invaded 
sleeping quarters, causing great annoyance to the occupants by nibbling 
at and crawling about on the body. The infestation, which lasted several 
days, was traced to the bathroom, thence out of the house through the 
yard and into an old bam under the stalls, where unquestionably grain 
from the manger had accumulated and where these beetles had been bred 
in great numbers. The dry California summer had pretty surely driven 
these insects to the bathroom for water, and the attack upon the occu- 
pants of the adjoining bedchamber was merely an incidental matter. 
However, it is interesting to note that on instance is recorded in Braun’s 
Parasites of Man, viz., "Taschenberg records this beetle as having in- 



COCKROACHES AND BEETLES 


83 


vaded aome sleeping apartments adjoining a brewery where stores were 
kept, and annoying the sleepers at nl^t by nipping them in their beds," 

Blister beetles.-— Although numerous ^ecies of insects have vesicat- 
ing properties, the most note'n’orthy are members of the coleopterous 
family Meloidae. Best known of these is the Spanish &y, hytta vesi- 
catoria (Linn.) (Fig. 39) . This species as well as other blistering beetles 
is discussed in a later chapter. 

Beetles as parasites. — Belonging to the family Platypsyllidae, in- 
deed the only representative of this family, is the coleopterous parasite 
of the beaver, Platypsylliu castoris Ritsema (1869). This is a permanent, 
obligate parasite in all its stages. The eggs are deposited on the skin of 



Fid 39— Hia 6psoi«l> hytta ve*t<atori9. a Female; i. 3Iale X 2 1. 


the beaver among dense hairs. It occurs on these ammals in both Europe 
and North America. 

Another family of Coleoptera, the Leptinidae, includes beetles which 
are parasitic on beavers, and certain rodents. The three known species 
are Leptinus testaceiis Muller, on mice and shrews in Europe and North 
America; Leptinillus validiis (Horn) on North American beavers; and 
teptinillus aplodontiae Ferris, taken on Aplodontia, a genus of rodents 
known as mountain beavers peculiar to the Pacific coast (Ferris ’). 


Key to the Families of Coleoptera Referred to in this Chapter * 

1 Antcimae variable in Btruclure but never lamdlate 2 

Antennae with a club composed of from three to seven leaf-Uke segments 
• Prepared by Dr. E. Gorton Linsley. 
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(lamellae) ; legs usually fossorial; tarsi five-segmented. (May beetles, 

June beetles, Cockchafers) Scorohaeidoe 

2. Anterior and intermediate tarsi five-segmented; posterior tarsi four- 

segmented 3 

All of the tarsi either three-, four-, or five-segmented 4 

3 Head as wide as prothorax; anterior coxal cavities open behind; body 

not heavily chitinized (Blister beetles) lltloidae 

Head narrower than protborax; anterior coxal cavities closed behind; 
body usually heavily chitinized (Darkling ground beetles) . Tenebriontdae 
4. Elytra long, covering most of abdomen; abdominal tergites mostly mem- 


branous 5 

Elytra short, exposing most of abdomen; abdominal tergites mostly 

chitinous 8 

5. Fourth segment of tarsus distinct, free; antennae clavate, capitate or 
moniliform 6 


Fourth segment of tarsus very small, fused with fifth segment; antennae 
usually filiform ; body often brightly colored (Leaf beetles) . Ckrysomelidae 

6. Abdomen with five visible sternites. . 7 

Abdomen rvith six visible stemites; tibial spurs large; antennae gradu- 
ally thickened or clavate (Carrion beetles, Burying beetles ) . ..SUphidae 

7. Anterior coxae conical, prominent; antennae moniliform; flat, non-scaly 

beetles (Flat beetles, Grain beetles) Cwujidae 

Anterior coxae globular, not prominent; antennae capitate or clavate; 
convex, scaly beetles (Leather beetles, skin beetles) Demestidae 

8. Wingless; eyes wanting or abortive 9 

Winged; the wings folding under the short elytra; eyes usually well 
developed; tarsi from three- to five-segmented Sfapbylimdae 

9. Anterior coxae globular. (Beaver beetles) Platypsyllidae 

Anterior coxae fiat. (Rodent beetles) Leptimdae 
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CHAPTER VIII 


THE BUGS 
Order HBRfiPTERA 
Bedbvgs, Conenous and Other Bugs 

Order Hemiptera. — The Hemiptera comprise all the insects now in- 
cluded by some authors in two orders, Hemiptera and Homoptera. The 
order Hemiptera is divided into two suborders, vir.; (1) Heteroptera in 
which the first pair of wings (heraelylra) is thickened at the base and the 
distal overlapping portion is membranous, and (2) Homoptera in which 
the first pair of wings is of about the same thickness throughout. 

The suborder Homoptera includes such important phytophagous 
families as the Aphidae (plant lice), Cicadidae (cicadas or harvest flies) , 
Cicadellidae (leafhoppers), Membracidae (treehoppers) and many 
others of great agricultural importance, particularly many important 
vectors of plant diseases. These families include plant-feeding insects 
with piercing mouth parts, particularly leafhoppers and treehoppers, 
many of which have been reported as biting and sucking blood from 
human beings. Usinger ^ attributes this rather rare phenomenon of 
bloodsucking in the normally phytophagous groups of the Hemiptera to 
three influences, namely, the "stimulus of artificial light or other unusual 
conditions of the environment, the attractive qualities of e.'rposed liquids, 
mainly perspiration, and hunger.” He remarks further that this change, 
i e,, "from plant feeding to bloodsucking, is not such a profound one as 
would at first be supposed. This is evidenced by a comparison of the com- 
position of plant juices and blood and by the various plant-feeding 
groups, some members of which have adapted themselves to a predaceous 
habit or have shown their ability occasionally to suck the blood of 
mammals.” 

The Hemiptera-Heteroptera are the true bugs and are characterized 
by a jointed suctorial proboscis attached anteriorly, which, when not in 
use, is commonly flexed under the head. The winged members of this 
order normally have the wing covers, hemelytra (first pair of wings) , 
thickened at the base and the distal overlapping portion more or less 
membranous. The true bugs are diverted into two divisions, (1) the 
Gymnocerata in which the antennae are conspicuous and capable of 
being moved freely in front of the head, e.g., Cimex lectularius Linn., the 
common bedbug; >4«fisa tristU (DeGeer), the squash bug; and Triatoma 
65 
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45 days to 11 months, although the time is greatly influenced by tem- 
perature; there may be three or more generations a year under average 
conditions. Ordinarily they require six to eight weeks to reach maturity. 
Bedbugs are evidently sensitive to high temperatures; even a tempera- 
ture of 100® F. with fairly high humidity will kill many of them. Activity 
ceases at about 60° F. At 60® F. to 65® F. bedbugs have lived for 136 
days without food. Normally fed individuals can live for about a year 
under ordinary room-tcmpcraturc conditions. The presence or absence 
of food influences their longevity greatly. Marlatt ® has shown that bed- 
bugs molt five times and that the minute wing pads, characteristic of the 
adult insect, make their appearance with the last molt. He also found 
that ordinarily but one meal is taken between each molt and one before 
egg deposition, and that an average period of eight days is required 
between moltings. 

Methods of distribution. — Bedbugs, Ucc or any other organism, can- 
not originate spontaneously in filth as is believed by many ; they must be 
introduced in some manner, either in the form of eggs, young or adults. 
Thus the introduction of one impregnated female might furnish the 
nucleus for a well-developed colony in a few months. Hence the best 
regulated household is not exempt from invasion, though cleanliness is 
the best preventive against the multiplication of any household pest. 

Public conveyances are commonly means for the dissemination 'of 
bedbugs. As Smith ^ has well said, “1 have seen them in railroad cars, 
trolleys, boats, omnibuses and carriages, and have noted them crawling 
on the clothing of well-dressed fellow passengers who probably did not 
bring them in." Furthermore, migration from house to house by way of 
water pipes, walls and the like is not at all unlikely when infested houses 
are vacated and the food supply is cut off. They are also easily carried 
in clothing, traveling bags, suit cases, etc. 

Bedbug bites. — ^Persons "bitten" by bedbugs are differently affected; 
in some the bite produces marked swellings and consideiable irritation, 
while in others not the slightest inconvenience is caused. (This is true in 
the case of flea bites and mosquito biles.) The bite, so-called, of the bed- 
bug is produced by piercing organs of the hemipteron type already de- 
scribed. It is probable that the puncture of these stylets, unattended by 
contamination or specific poisons, would produce little pain. The welts 
and local inflammation are unquestionably caused by a specific poison 
secreted by the salivary glan^ and introduced in the act of feeding- 
The bedbug is able to engorge itself completely with blood in from three 
to five minutes. Although persons are usually bitten at night while in 
bed because of the normal nocturnal habits of the insects, they will bite 
freely in subdued light by day. 

The fact that bedbugs arc obliged to feed at least five times either 
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upon the same or a different host in order to reach maturity, has placed 
these insects under grave suspicion as possible vectors of disease. 

Disease transmission. — In consequence of statements made by a 
number of authors that the bedbug is capable of transmitting plague and 
other septicemic infections, Nuttall (1899 loc. cifc.) carried on a series of 
experiments with these insects. Mice were used in these experiments be- 
cause they are very susceptible to the infections in question. He allowed 
the bugs to bite mice which had just died or were dying of anthrax, 
plague and mouse septicemia and then transferred them to healthy mice. 
Huttall’s experiments with anthrax are particularly instructive. Mice 
inoculated with anthrax died in from 18 to 24 hours, after which they 
were placed in glass-covered dishes and hungry bugs introduced. As soon 
as the bugs had sucked a little blood they were removed to test tubes by 
means of a small camel's hair brush and transferred to a shaved spot on 
healthy mice by inverting the tubes. Eight mice bitten by 124 infected 
bugs all remained healthy. Variations of this experiment gave similar 
results. It was found that the anthrax bacilli died in the stomach of the 
Insect in 48 to 96 hours at 13® to 17® C., and in 24 to 28 hours at 37® C., 
and that the feces from the bugs contained living bacilli during the first 
24 hours after feeding. In view of these experiments it may be concluded 
that infection through the bite of a bedbug either does sot occur or is 
exceptional. That infection might occur if recently infected bugs were 
crushed while feeding and the punctured parts scratched, is to be ex- 
pected. The feces may also be infectious. Nuttall ’ showed that spiro- 
chaetes survive in the bodies of these bugs for a period of six days at a 
temperature of 12® 0. and a much shorter period (six hours) at 20® to 
24® C. He, however, succeeded in transmitting the infection to a mouse, 
in only one instance, by transferring thirty-five bugs from an infected 
mouse to an uninfected mouse. Patton in 1907 ® reported experiments 
with Cimex hemipterus (Fabr.) [C. rotjmdatus (Sign )] in which he was 
able to trace the development of the Leishman-Donovan body of 
kala azar through all its intermediate stages up to the formation of the 
mature flagellates. 

The bedbug would appear to be relatively unimportant as a disease 
vector, as indicated by the experiments cited above as well as many 
others performed by various investigators. In spite of the fact that bed- 
bugs can experimentally transmit the pathogenic agents of plague, re- 
lapsing fever, leprosy and kala azar, there is no convincing evidence that 
the bedbug is the usual or even common vector of these or any other 
diseases at present known. The bedbug still remains, however, a poten- 
tial menace to the public health, 

Control. — ^The habits of these pests indicate in a measure the methods 
useful in their eradication in a given situation. The ease with which they 
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secrete themselves in very narrow crevices provides safety against any- 
thing but very penetrating materials. Metal bedsteads arc easily kept 
free from the bugs, while the old-fashioned wooden bedsteads are more 
difScuIt to handle; however, the writer has seen some very bad infesta- 
tions entirely eliminated by the use of kerosene applied by means of a 
tail feather from a fowl. The places where these pests hide during the 
daytime are usually near the sleeping quarters of the victims. 

A widespread infestation of bedbugs will require a strenuous cam- 
paign. "Where the infestation has reached such proportions as to include 
several rooms or even an entire building, the more rapid and effective 
fumigation methods are farpreferablc, requiring less labor and producing 
better results. 

Hydrocyanic acid gas is perhaps the most effective of fumigating 
agents, but the greatest care must be exercised in its use, since the gas is 
deadly to ell forms of animal life and extremely penetrating. Rooms 
above apartments in which this gas is being applied should not be occu- 
pied during or immediately after the process. Sparrows have been known 
to drop from the eaves of houses in which cyanide fumigation was going 
on. However, with proper precautions little danger is involved. The 
work should be done only by persons well informed about the use of this 
fumigant, preferably by a licensed pest control operator. 

To prepare a room for cyanide fumigation, all wet or moist food- 
stuffs must be removed (dry materials such as flour, meal, bread, etc., 
need not be removed) ; if the house is occupied, there must be no crevices 
leading jram the room to be fumigated to occupied rooms. It is best that 
the house should be vacated during the process — this need be for only a 
period of about 12 hours. Fumigation should not be undertaken when 
it is cold; a temperature of about 70® F. gives best results. If there is a 
fireplace in the room, this should be covered with a blanket or other cov- 
ering. All crevices, such as occur around the doors and window sashes, 
keyholes, etc., must be tightly covered with strips of paper pasted in 
place with a very dilute flour paste, or os some have found, merely soaked 
in water. The cubic contents of the room must be estimated and suf- 
ficient ingredients provided to do the work. One ounce of potassium 
cyanide for every 100 cubic feet of space is necessary. To generate the 
gas, sulphuric acid and water must be used. The following proportions 
are needed for 100 cubic feet of space. 


PotassiuiQ cyanide (98 per cent) 1 02 . 

Sulphuric acid (about Baumc) 1 fluid oz. 

Water 3 fluid oz. 

or for ISO cubic feet of space: 

Sodium cyanide 1 oz._ 

Sulphuric acid 1 fluid oz. 

Water 2 fluid oz. 
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To proceed, place the water (in proper proportion) in a heavy two- 
to three-gallon earthen jar placed on thick folds of paper to catch spat- 
tered liquid, then slowly add the sulphuric acid {water always first, then 
the acid) , lastly drop a paper bag containing the cyanide into the liquid, 
holding same at arm’s length, and immediately beat a hasty retreat, care- 
fully closing the door. In treating buildings with more than one floor the 
operator must always begin at the top and work downward. After the 
expiration of about five hours, open the windows from the outside and 
permit the room to “air" until the “peach kernel" odor has disappeared. 
The contents of the jar should be carefully disposed of. 

Hydrocyanic acid gas may be generated more easily and with less 
apparatus by means of calcium cyanide. Ihe dosage recommended is 
two pounds of Cyanogas G. Fumigant to 1,000 cubic feet. Weighing 
should be done outdoors to lessen danger and the material should be 
spread out thinly on several thicknesses of paper on the floor. The 
preparation of the rooms and the precautions above outlined must also 
be carried out in the use of this material. (Wakeland.®) 

To fumigate with sulphur, a very efficient method to destroy bedbugs 
and other vermin, the rooms are prepared as for hydrocyanic acid gas 
fumigation, AU metal objects and fine, vegetable dyed fabrics must be 
removed, if possible; metallic objects should also be covered or, wbat is 
better, coated with vaseline. Sulphur, at the rate of four pounds to every 
1,000 cubic feet of space, is placed in a shallow iron pot or skillet which 
is placed on bricks or stones in a tub in which there is a little water in 
order to prevent spiIUog out and igniting the floor. The sulphur is easily 
ignited by pouring over it a few ounces of wood alcohol (or grain alcohol) 
and then lighting it with a match. Fumigation must continue for at least 
two hours, when the doors and windows must be opened to ventilate the 
room before occupancy. 

While sulphur fumes are extremely useful to combat insects and other 
animal life, such as rats and mice, the liability of bleaching fabrics and 
tinted paper and tarnishing metals must be t^en into consideration. 

Corrosive sublimate (1 to 500 solution) applied to bedsteads, floors, 
and other hiding places is efficient. The corrosive sublimate preparation 
should be applied with a mop. In case it is necessary to apply it by band, 
rubber gloves should be worn to protect the skin. For mattresses, bed- 
ding and like materials, no treatment is superior to steam sterilization 
where the necessary facilities are at hand. By use of this medium the 
death of all stages is accomplished in a few moments if the steam has 
direct access to the insects. Where large bundles or piles of mattresses 
are placed in a steam sterilization chamber it is necessary to produce a 
partial vacuum followed by 15 to 20 minutes exposure to steam at 20 
pounds pressure. Applying live steam by means of a suitable hose to 
bunks and crevices of bedbug infested bunk houses is very effective. 
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Infested bedsteads that can be “taken down” may be dipped in vats 
of corrosive sublimate solution, or if metal, fine results are obtained by 
heating all parts with a plumber’s blow torch until the paint starts to 
blister, care being taken not to overlook the springs at the time of treat* 
ment. 

Ordinary fly sprays, kerosenc-pyrethrum, will destroy bedbugs and 
their e^s if contact is made with them. Power vaporizing machines as 
used by commercial pest control operators give excellent results, although 
hand sprayers may be used with good effect if the work is thorough. 


Key to (he N'ortk American Ctmicirfoe ' 

1. Beak reaching beyond middle coxae Intermediate and bind coxae sub- 
contiguous. Sides of hemelytra distinctly reflexed. Large bristles of 
body curved, rather broad, dentate only at their tips. Infests poultry 
in the Southwestern United States and Mexico 

Uaematosiphon inodora, (Duges) 

Beak not surpassing front coxae 2 

2. Undersurface of head distinctly convex posteriorly, produced into a 
prominent tubercle on middle of posterior margin, the prosternum with 
anterior margm greatly arched to receive this. Tip of abdomen clothed 
with about fifty posteriorly directed, stiff, truncate hairs which are as 
long as width of an eye. Infests While-throated Swifts. California and 

Nebraska Syruenoderus comosue List 

Posterior margin of head less convex beneath, without such a tubercle. 
Last segment of abdomen without a distinct row of closely grouped hairs 

of uniform length as described above 3 

3 Metasternum broad. Middle and hind coxae widely separated. Scu- 
tellum subtriangular, the apex subacute Large bristles of body broad, 

curved, and denticulate on convex side ^ 

Metastemum strongly compressed between middle coxae. Middle and 
hind coxae subcontiguoia. Scutellum rounded posteriorly. Large bristles 
of body dentate only at tips 

4. Front margin of pronotum shallowly concave. Pubescence long and seri- 
ceous. Last two antennal segments subequal in length. Occurs in the 
nests of Swallows throughout the United States 

(Eciacus vicarins Horvath 
Front margin of pronotum widely and deeply concave. Pubescence of 
body relatively short except along the matins Third antennal segment 
longer than fourth. Genus Cimear ^ 

5. Sides of pronotum not widely dilated and not reflexed, fringed with 
sparse, nearly straight hairs. Hcmelytnv with apical margins distinctly 
rounded. Associated with man. Jamaica and Brazil 

Cifnex heTfiiptcnti (Fabricius) 
Sides of pronotum widely <hlated, broader than width of an eye, and 
densely fringed with backward curved hairs. Apical margins of heme- 
lytra nearly straight, rounded toward inner angles ^ 

G. Length of contiguous portions of hemelytra shorter than scutellum. 

• Prepared by Dr. Robert L. Usnger for the purposes of this book. 
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Second antennal segment slightly shorter than third. Fringing heirs of 
pronotal margin shorter than width of an eye. Associated with man and 

almost cosmopolitan in distribution .Cimex leetularivs Linnaeus 

Length of contiguous portions of hcmelytra longer than scuteUum. 

~ ’•*•*■*' ’ * ' ‘ ■ 'ng hairs of 

■ ■ the north- 

(Horvath) 

7. Sides of hemelytra strongly reflexed. Pronotum a little less than half as 
long on median line bs broad. Size three millimeters or less. Associated 
with Chimney Swifts. East and Middle West . .Cimexopsis nyctalU List 
Sides of hemelytra not refie.xed. Pronotum a little less than one- 
fourth as long on median line as broad, Stte over three millimeters. In 
nests of Purple Martin, Colorado Hifperocimex cohradensia List 

Family Polyctenidae.— This family includes the relatively little 
known ba< bttgs which have led a ver>' uncertain systematic existence 
since 1874, when Westwood founded the family Polyctenidae to receive 
these insects as aberrant Anoplura. Later they were placed with the 
Hippoboscidae, or louse Sies (Waterhouse, 1879). The number of known 
species is quite small (less than a score of species), all bloodsuckbg 
cetoparaaites of bats. They have a four-jointed rostrum (three-jointed 
in a single species from Africa), tarsi three-jomted and antennae four- 
jointed, eyes wanting, hemelytra short, the body commonly bearing 
ctenidia (combs). They are viviparous, the young bemg bom at an 
advanced stage of development. 

The two species known from this country have recently been de- 
scribed by Ferris and Usinger. One of these, Hesperoctsnes hermsi, was 
taken recently on the free- tailed bat, Tadarida macrotia (Gray), in the 
Chisos Mountains, Texas, at an elevation of 8,200 feet by Mr. A. E. 
Borell. The other, JJesperoctenes eumops, has been taken at several 
localities in southern California on another free-tailed bat, Eumops 
perotis cdliformcus (Merriam). 


B. The Conbnoses 
FamUy Heduviidae 

Family Reduviidae. — The Reduviidae are typical examples of the 
heteropterous Hemiptera. They are commonly known as conenoses, kiss- 
ing bugs, and assassin bugs. There are said to be over 3,000 species 
belonging to the family which, because of the great variety of structures, 
is i^rided into fifteen subfamilies of which fte Harpactocorinae is the 
largest, containing more than a third of all the species, and next In size 
is the subfamily Reduviinae. A very lai^ percentage of the reduviids 
feed on insects, many of which are harmful, hence the family is in the 
main beneficial. A number of the species when handled protect them- 
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selves by biting, and a very few have developed a definite habit of euek- 
•ing mainmaUan blood. 

The head of these insects is more or less elongated or cone-shaped, 
giving rise to the teirn conenose; the head has remarkably free move- 
ment; the eyes are conspicuous ; the ocelli, if present, are located behind 
the compound eyes; the sturdy, thrce-Jointcd proboscis is capable of 
being thrust forward, but in repose is curved beneath the head; the 
piercing etyleta arc capable of being extended far beyond the tip of the 
bent proboscis; the long, slender, four-segmented antennae are located 
in front of the eyes or on the border of the head ; the prothorax is strongly 
developed; and most of the species arc able to fly well. 

Life history.— The rather large, conspicuous, more or less barrel- 
shaped eggs of reduviids are generally deposited in situations where the 
adults occur, i.e., the ground-inhab- 
iting forms deposit their eggs on 
the ground; arboreal forms lay 
(heir eggs on leaves and stems; and 
house-inhabiting forms in dusty 
comers. The eggs of many of the 
species arc illustrated by Rcadio,*® 
who has also published a remark- 
ably interesting work'' dealing 
with the biology of the family. 

The eggs arec.ommonly deposited 
singly, also in small clusters, the to- 
tal number per female varying con- 
siderably from a few dozen to up- 
wardsofCOO. Theincubationperiod 
varies from eight or ten days to 
nearly a month, depending upon the species and temperature. The 
newly hatched nymphs are wingless (Fig. 41). The usual number of 
nympbal instars is five, although Readio states that Melanolcsfes picipes 
(Herrich-Sebaeffer) passed through only four. Overwintering varies 
considerably, some overwinter in the egg stage, others as adults, and still 
others as nymphs. In most cases there appears to be but one geneiation 
a year. The length of the life cycle of Tmtomorubro/ascicfa (DeGeer) 
was found by Neiva to cover 210 days and for Mestor megistus (Burra.) 
260 days. 

The alimentary canal of Triatoma protracta (Uhl.).-*'The alimen- 
tary canal of Tnafomo protrocta (Uhl.) according to Elson ** is, as in 
other Heraiptera, divided into three regions, the fore-, the mid-, and 

the hind-intestine. (Fig. 12.) The fore-intestine comprises the pharyn- 
geal duct, the pharynx and the oesophagus, and measures 4.3 mm. in 
length. The pharyngeal duct consists of a delicate tube which connects 



FlO. 41 — ^Egg (lelt) etid Urea (tight) of 
& conenose, Triafomo proiracia. X 4.4 
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the pharynx iTith the suction canal of the maxillae. It is a very short 
duct and difficult to distinguish from the pharynx. The pharynx may be 
considered as a highly specialized portion of the alimentary canal. It is 
a boat-shaped organ which measures on an average about 2 mm. in length 
and .3 mm. in diameter in the adult The oesophagus is a delicate duct, 
measuring about 2 mm. in length and .1 mm. in diameter. Before reach- 
ing the proventriculus the oesophagus expands and forms the proven- 
tricular vestibule. The mid-intestine comprises the main portion of the 
alimentary tract and consists of the proventricuitts, the ventriculus or 
stomach proper, and an elongated section. The sfomocA is a large sac 
which when filled with blood, occupies the greater portion of the body 
cavity and crowds the other organs to the sides and behind. When empty 
it is wrinkled, but when replete with blood it is smooth and pear-shaped. 
The mid-intestine-3 is a much coifed and narrowed portion of the mid- 
intestine; mid-intestine'4 is a short dilated portion. The hind-intestine 
is the shortest portion of the alimentary canal and comprises the rectum. 
This is a large muscular sac, capable of considerable distension, and 
usually containing fecal material. It is pear-shaped with the broadest 
part 2.5 mm. in diameter and its length 3 mm. At the termination of the 
mid-intestine there appears a circular whitish zone, the rectal gland. 
The ampullae, or enlarged bases of the Afalptphion tubules (four in num- 
ber and of equal size), form a rosette at this point. The Malpigh- 
ian tubules are about twice the length of the insect and difficult to 
unravel. 

The salivary apparatus consists of two pairs of glands, the principal 
and the accessory. The principal glands measure from I to 1.5 mm. in 
length and .8 mm. in diameter and are eituated an the mesotborax, one 
on either side of the proventriculus. The spherical accessory glands 
(about .5 mm. in diameter) are located in the metathorax directly pos- 
terior to the principal glands to which they are connected with a duct. 

Conenose bites.— Many of the species of conenoses inflict a painful 
bite when handled carelessly. Most notorious perhaps of all is the so- 
called “kissing-bug,” Reduvius personatw (Linn.) , a widely distributed 
species, particularly active in its biting capacity in the middle western 
and eastern United States. As early as 1899 Howard,^* quoting Le Conte, 
writes as follows; 

*‘This species is remarkable for the intense paia caused by its bite. I do not 


which result from it wiU eoioetimes last for a werfe. In very weak and irritable 
constitutions it may even prove fatal.” 

The wheel bug, Arilus cristatus (Linn.), also has a bad reputation as 
a biter. Reporting on the bite of this species, Hall ** states; 
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growths persisted for months, the larB<st slowly diwppearing between six and 
nine months after the infliction of the bite. The injurM finger remained warmer 
than the other Angers during this period, and, according to the patient’s state- 
ment, still feels warmer than the other fingers, a year later. The development 
of pronounced cutaneous growths after a bite appears indicative of the action 
of some tojan as a stimulant imtanl.” 

The symptoms produced by the bites of Triatoma protracta (Uhler) 
{Fig. 42a) , a widely distributed Pacifle coast species (which normally 



Fw, i.1. — Mci&beTB of tbs f&i&it? Kejti'riSjae. Triolowa protrocta; fb) jRawR«* 
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occurs in the nests of wood-rats, Neotoma spp., and knowm as the "China 
bedbug") , are described by reporting physicians, viz.: "In a few minutes 
after a bite the patient develops nausea, flushed face, palpitation of die 
heart, rapid breathing, rapid pulse, followed by profuse urticaria all over 
the body. The symptoms vary with individuals in their intensity." In- 
quiries concerning these insects are most frequent during May and June. 
It frequently attacks sleeping individuals during the night. 

The bloodsucking conenose or “Mexican bedbug," Triatoma sangvi^ 
suga (Lee.), inflicts a very severe bite, which, because of the uniform 
character of the resulting symptoms, supports the view that a specifle 
venom is injected with the bite. Tlie bite is said to result in "a burning 
pain, intense itching and much swdling . . . with red blotches and welts 
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all over the body and limbs.” The elTccta of the bite may last for months; 
however, they usually disappear within a few days. 

The “two spotted corsairs,” Eosaftus bigutlatus (Say) and Rasahus 
thoracicus StSl (Fig. 42b), the former common in the southern states, 
Cuba and South America, and giving way to the latter in the Northwest 
and California, is the subject of many compb^inta. Howard (1899, loc. 
cit.) cites the following paper concerning "so-called spider bites" by 
Dr. A. Davidson in the Therapeutic Gazette of February 15, 1897, viz.: 

He arrives at the conclusion that almost all of the so-called "spider 
bites" met with in southern California are produced by no spider at all 
but by Rasahus thoracicus Stal. The symptoms which he describes are as 
follows: 

“Next day the injured part shows a local cellulUis with a dark central spot; 
around th)s spot there frequently appears a bulbous vcsjcle about the sire of a 
ten-eent piece and filled with a dark gnunous fluid; a smaller ulcer forms 
underneath the vesicle, the necrotic area being generally limited to the central 
part, while the surrounding tissues are more or less sivollen and somewhat pain- 
ful. In a few days with rest and proper care the swelling subsides, and m a week 
all traces of the cellulitis are usually gone. In swne of the cases no vesicle forms 
at the point of injury, the formation probably depending on the constitutional 
vitality of the individual or the amount of poison introduced.” 

The use of warm compresses of magnesium sulphate is rccom* 
mended for the bites of conenoses. 

Chagas' disease (Brazilian trypanosomiasis). — In 1909 Chagas 
reported from Brazil an endemic human trypanosomiasis prevalent 
among very young children and causing a high mortality. The acute 
disease is marked by a high fever lasting often several weeks. An en- 
largement of the lymphatics and especially of the thyroid is present in 
many cases, whence the name “parasitic toyroidilis”; this is, however, 
nofi a symptom o/ this infection according to authorities. In its chronic 
form, the disease is commonly manifested by cardiac symptoms, motor 
paralysis, mental weakness, idiocy and infantilism. The disease is now 
known to occur in several other South American countries and in 
Panama. 

The causative organism is Trypanosoma cruzi Chagas which occurs 
in the blood though sparsely during the acute stage of the disease and 
later in various tissues such as the heart, glandular tissue, and nervous 
system where the trypanosomes multiply. An important intermediate 
host is the conenose Mestor inegtslus (Burra.) ITriatoma megista 
(Bunn.) ] , known as the "barbeiro ” which is commonly found in native 
huts and is a fierce bloodsucker. Chagas found that the trypanosomes 
changed to round bodies (Leishmania-like) in a few hours after the 
bug fed on infectious blood and that a scries of developmental changes 
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occur giving rise to infectious forms in the bug’s feces in about eight 
days, infection taking placciy contamination of the mucous membranes 
of the nose and mouth or the conjunctiva. The feces of infected bugs are 
highly infectious. Infection through, the bite is not probable. The incu- 
bation period in the human is said to vary from 10 to 14 days after the 
insect attack. The bug is believed to remain infective throughout its life 
or as long as two years. 

While Chagas believed the infection to be introduced by the bite 
of the bug, Brumpt “ showed that infection results through the infective 



Fiq. 43 — Ecamplee of Beduriidat: (a) Triatom^ protraeta' (b) rriafoma 
(c) Pamtrongviut jftnievlatut; (d) Ifejfor pttllejfwi. 

feces of the insect being deposited upon the skin of the host when the 
insect bites and inoculation results through the mucous membrane of 
the mouth, inasmuch as the conenose usually bites the face and lips of 
sleeping persons. Brumpt’s expenmenta were with Rhodnius prolixus 
Stal, which defecates immediately after it has withdrawn its proboscis. 
Inoculation then results through scratching or rubbing the infective feces 
into the excoriated skin. 
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The list of reduT^id species which arc known to be vectors of T. cruzi 
includes the following, as shown by various investigators: 

Mestor megistus (Burm.) (Panstrongylus megistus, Pinto = Tria- 
toma megista, Neiva) ; Triatoma sordida (Stal) (Eutriatoma sordida, 
Pinto) ; Triatoma uhleri Neiva ; Psammolestes coreodes Bergroth (lives 
in the nests of birds in South America) j Rkodntus pictipes Stal; R. pro- 
lixus Stfil ; Triatoma brasUiensis Neiva; T. chagasi Brumpt et Gomes ; T. 
infestans (Klug) ; T, protracta (Uhler) ; T. rubrofasciata (DeGeer) ; T. 
sanguisuga (Le Conte) ; T. vitticeps (StM ) ; T. rubrovaria (Blanchard) 
(.Eutriatoma rubrovaria, Pinto) ; T. fiatnda Neiva (Eutriatoma fiavida, 
Pinto) . Four species are knowm to be vectors on the Isthmus of Panama, 
Panstrongylus geniculatus (Latreille), Rhodnius pallescens Barber, 
Eratyrus cuspidatus St&l and T. dimidiata (Latreille). Triatoma dimi- 
diata (Latr.) has recently (1936) been discovered to be naturally in- 
fected with Trypanosoma cruzi in Panama by Rozeboom. 

The infection occtirs in natural reservoir animals in South America 
such as armadillos, opossums, certain species of monkeys; cats and dogs 
also harbor the trypanosomes and evidently play an important rdle 
because of their domestic habits. 

Recently Kofoid and Donat (1933) ** have reported on the occur- 
rence of South American trypanosomiasis of the human type in the wood 
rat, Neotoma fuscipes macrotis Thomas, in San Diego County, Cali- 
fornia, with Triatoma protracta (Uhler) the vector. Wood (Fae Donat 
Wood) reporting later (1934) more fully states that the bloodsucking 
bug, Triatoma protracta (Uhler), and the wood rat, N^eotoma fuscipes 
macrotis Thomas, are natural carriers of Trypanosoma cruzi in southern 
California. She was able experimentally to infect the following animals 
with the trypanosome: albino rats, albino mice, rhesus monkeys, a 
puppy, an opossum, the dusky-footed wood rat, and five species of white- 
footed mice. She also reports that the opossum and certain species of 
mice have been found in the .wood rata’ nests in the infected locality, 
hence may possibly also be carriers. In 1936 Kofoid and Whitaker 
reported this infection in Triatoma uhleri Neiva from Tucson, Arizona. 
In 1938 Wood reported an additional focus of infection in southern 
California. 

It is of interest to note that Morisbita (1935)“ has conducted experi- 
ments with Trypanosoma conorhint Donovan regarded as non-patho- 
genic which resembles T. cruzi in its insectan phase, occurring commonly 
in the gut of Tnatoma rubrofasciata (DeGeer) in Formosa. The natural 
vertebrate host has not yet been discovered. 

Various species of ticks are capable of transmitting the infection to 
experimental animals ; among these are Amhlyomma cajennense (Fabr.) , 
Rhipicephalus sanguineus (Latr.), Omiihodoros mouhata (Murray), 
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Ksy to the Prim^yaX Families of HemtpterO’Heteroptera of 
North America which contain predaceous species * 

1. Antennae at least as long as the head; either iree or, in the Phymatidae, 

fitting in a groove beneath the lafer^ margins of the pronotum. Sub- 
order Gymnocerata 6 

Antennae shorter than the head and nearly or quite concealed in a 
cavity beneath the eyes. Suborder Cryptocerata 2 

2. Ocelh present. Bhore-itequentmg insects. (Toad bugs) 

Famtly Gelastocoridae 

Ocelli absent. Aquatic forms. 3 

3. Hind tarsi with indistinct, setiform claws (except in the imnute, 3 mm. 
or less, Pleinae). Swim with ventral side upward (Back swimmers) 

Family Notoncctidae 

Hind tarfl with distinct claws 4 

4. Membrane of the hemelytra without veins. Abdomen without caudal 

appendages (Water creepers) .Family Naucoridae 

Membrane of the hemel^^ra with distinct veins. Abdomen with caudal 
appendages S 

5 Caudal appendages of abdomen long and slender. Tarsi one-segmented 

(Water scorpions) Family Nepidae 

Caudal appendages of abdomen ^ort, flat, and retractile. Tarsi two- 
Segmer**''* /n?.-.* 

6. Apex • . • 5 

front • . • ‘ 7 

Last segment of tarsi entire with claws of all the legs inserted at apex. . 8 

7. Hind femora much surpassing apex of abdomen. Middle and hind 
coxae approximate, distant from front ones. (Water stndcrs) 

Family Gerridae 

Hind femora scarcely surpassing tip of abdomen- Middle coxae (except 
in Bhagovelia) equally distant from front and bind ones. (Broad 
shouldered water striders) Family Veliidae 

8. Head very long, at least as long as the three thoracic segments com- 
bined. Body linear. Legs and antennae very long and slender (Marsh- 

treaders) Family Hydrometridae 

Head shorter than pronotum and scutelluiD together 9 

9 Antennae five-segmented. (Only members of the subfamily Asopmae 
are predaceous. These have non-raptorial front legs, three-segmented 
tarsi, and the first segment of the beak short, tWek, and free) (Stink- 
bugs) Family Pentatomidae 


eight-segmented. These exceptions do not have the combination of 


cluracters listed under Asopmae) 10 

10 Beak three-segmented 11 

16 

U. ■ sternum with a 

the tip of the 

beak 12 


* Prepared by Pr. Robert L. UsinBer for the purposes of this book. 


CHAPTER IX 


THE LICE 
A. The Sucking Lice 
Order Anoplura 

General characteristics. — The sucking lice have held various posi- 
tions in their systematic relation to other insects, but within the past few 
years there is a strong tendency to place them in a separate order, Ano- 
plura. A few taxonomists believe them so closely related to the biting lice 
that both groups of lice are placed in the same order, viz., Anoplura, with 
the Mallophaga (biting lice) reduced to a suborder and the sucking lice 
placed in the suborder Siphunculata. There is little to support the ar- 
rangement of these parasites under a suborder (Parasita) of the Hemip* 
tera. For the purposes of this work the lice will be considered as belong- 
ing to two orders. 

The members of the two orders, Anoplura and Mallophaga, resemble 
each other in many particulars but differ radically in their feeding habits, 
the former being bloodsuckers while the latter are feeders on scales and 
other products of the skin which are chewed by the insects. Wings are 
absent in both groups, the legs are in part adapted to cling to hairs and 
feathers, and the bodies are distinctly compressed. The Anoplura, or 
sucking lice, have a protrusible proboscis at the tip of the head; the 
Mallophaga, or biting lice, have a pair of distinct mandibles situated on 
the under side of the head. The biting lice are, as a rule, much more active 
than the sucking lice. 

The Anoplura are inhabitants of mammals, while the Mallophaga 
inhabit both mammals and birds and in all cases are permanent ecto- 
parasites limited largely to a specific host, very rarely except accident- 
ally transferring to a different species. The entire life cycle is normally 
spent on one host. 

Classification. — Students technically concerned with the sucking lice 
will need to consult the classical works of Ferris, particularly his sys- 
tematic monograph appearing in eight parts, 1920 to 1935, Publications 
of Stanford University Press. Ferris places the known species of the 
order at about 200; these are arranged according to various authors m 
four families: (1) Echinophthiriidae, with body thickly covered with 
short stout spines and scales, antennae four- or five-jointed, spiracles 
104 
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small; occurring exclusively on marine mammals, c g., Antarctophthirus 
trichechi (Boh.) 'on the Pacific TiValrus, and Echinophtkirus phocae 
(Lucas) on the seal; (2) Haematopinidae, body spines or hairs in rows, 
never with scales, tibiae with thumb-like process opposing the claw, eyes 
lacking, antennae five*segmcntcd, c.g., Ilaenialopinus suis (Linn.) on 
swine, and Linognathus vituli (Linn.) on cattle; (3) PedicuHdae, the 
most important family of all from the public health viewpoint, since it 
includes the Hceof man and other primates; (4) Haematomyridae, here- 
tofore included as a family of the Anoplura, has been placed by Ferris * 
in the Mallophagan suborder, Rhyncbophthinna; it includes but the 
single species Haernatomyzus clc- 
pkantis Piaget of the elephant. 

The lice of man and other pri- 
mates. — The family PedicuHdae, 
the only cyc-possessing Hcc, in- 
cludes the three genera, Pedicinus, 

PediculiisatidPhthrus. The genus 
Pedicinus belongs exclusively, ac- 
cording to Ferris, to the Cynomor- 
pha monkeys, and includes eight 
known species, Pedicinus eurygas- 
ter (Burm.) on Macacus; Pedicinus 
longiceps Piaget on Pithecus ; Pedi- 
einus albidus (Rudow) on Macaca 
(Barbary ape); Pedicinus kama- 
dryas Mjoberg on Bamadryas; Pe- 
dicinus patas (FahrenhoUz) on 
Cercopithecus patas; Pedicinus 
ancoratus Ferris on Presbytis; Pe- 
dicinus pietus Terris on Colobus caudatus; Pedicinus obtusus (Rudow) 
on Semnopithicus maurus. 

The genus Pediculus is regarded by Ferris as including only three 
species, Pediculus humanus Linn , the head louse and body louse of 
man; Pediculus mjobergi Ferris from Ateles apes; and Pediculus schaffi. 
Fahrenholz, from the chimpanzee. 

The genus Phthirus (also spelled Phthirius) includes the so-called 
crab lice, Phthirus pubis (Linn ) o! man; and Phthirus gonllae Ewing 
from the gorilla. 

The human head louse, Pediculus humanus capitis DeGeer (Fig 44) , 
is gray in color, but is said to vary according to the color of the hair and 
color of the host. (Murray.*) The male averages nearly 2 mm. m length 
and the female nearly 3 mm. This species occurs on the head, about the 
cars and occiput, but from reliable oteervations made by a number of 



Fio 41 — butory of the human 
head louse. Pfdiculu$ tiumanm capitis 
a Egg; b Nymph, e Male; d Female 
X 10 
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observers it may establish itself on other hairy parts of the body. In 
severe infestations the hair may become literally matted with eggs (nits), 
parasites and exudate from the pustules which originate from the louse 
bite. The term ph'ca palonica is applied fStiles) to the fetid mass, fona* 
ing a sort of carapace (tn'cAoma), in which fungus may develop, and. 
beneath which myriads of lice may be found. 

The number of eggs deposited by the female ranges from 50 to 150. 
These are glued to the hair and hatch in from 5 to 10 days, an average 
of seven days. Development is very rapid, three weeks usually covering 
the entire history from egg to egg. 

Treatment for head lice . — Lice arc easily disseminated, hence slight 
infestations may occur under the best of conditions, particularly among 
school children. However, the continued presence of lice on head or body 
is inexcusable. Personal cleanliness is the best safeguard- The mere use 
of water in washing the head is ineffective in destroying vermin present 
in the hair, and the nits are not easily destroyed even with chemicals 
The simplest method of eradication is to clip the hair, catebing the hair 
in a bag and burning it, and then applying a wash consisting of equal 
parts of kerosene and vinegar. Mixing the kerosene with olive oil lessees 
the possibility of irritation. The head should be thoroughly washed in an 
hour or two with hot water and plenty of soap. If nits are still found 
after this treatment, a second application should be made in a day or two 

The use of a fine comb dipped in kerosene gives good results. The oil 
coming in contact with the lice kills them, but the eggs are not destroyedi 
hence the combing must be repeated three times at intervals of one week 
in order to destroy the newly hatched young and thus prevent further 
propagation. The combings s-hould be carefully disposed of by bumiug 
or dropping in kerosene to prevent further spread. 

Washing the head with a 2 per cent solution of creolin is also effective 
if repeated as suggested above. Using a long towel wet with a 10 per cen 
solution of tincture of larkspur (Delphinium), as a turban about the 
head, is an effective method. The heads of children with long hair may 
be treated successfully in the following manner as described by Whit* 
field in the Lancet (Dec. 14, 1912). The child is placed on its back in ^ 
bed, with the head hanging over the edge, so that the hair falls in a basiu 
resting on a chair. The solution to be used (phenol 12 grams and water 
500 grams) is poured over the hair and carefully washed back and for 
for a period of ten minutes until the hair is well soaked, particularly bac 
of the ears and the nape of the neck. Afterwards the hair is drained, no 

oat, however, and is then put up with a towel or flannel cloth in 

fashion. After an hour the hair may be washed out or simply ® 

to dfe' be all the pediculi as well as the ova have 
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The pubic louse, Phthirus pubis (Linn.) (Fig. 45) , is easily recog- 
nised by its crab-like appearance. It measures from 1.5 to 2 mm. in 
length and is nearly as broad as long and is grayish white in color. It 
infests the pubic regions particularly but also the armpits and more 
rarely other parts of the body such as the mustache, eyelashes and eye- 
brows. Tlie writer has seen soldiers infested with this species of iouse 
from the ankles to the neck. These lice are remarkably stationary in 
their habits, often remaining attached for days at one point with mouth 
parts inserted into the skin. The pruritus caused by the bites of these 
parasites is very intense and a discoloration of the skin usually results if 
infestation continues over a longer period of time. The term phthiriasis 
may be employed to designate infestations of pubic lice, although the 
term pubic pcdtculosw is also used. 



Fio. 45 — The pubic louse, Phlfiirm ptib>i Bgg ettsched to hsir 


The female louse deposits its eggs on the-coarser haire of the body 
where the parasites occur. The number of eggs deposited per female is 
apparently quite small, although Nuttall’ states that he would not be 
surprised to Icam that 50 or more eggs may be layed. The incubation 
period seems to be from six to eight days After three molts the adult 
stage was reached in Nuttall's experiments in from 15 to 17 days, and 
the cgg*tQ-egg period, 22 to 27 days. 

Treatment for pubic lice . — The pubic lice are rather easily destroyed 
by rubbing the affected parts with a 10 per cent solution of tincture of 
larkspur, and repeating the application in about eight days. Washing the 
affected parts with hot vinegar to destroy the eggs may make a second 
treatment unnecessary 

Shaving Uie hair of the pubic region, axillae, chest and legs, and then 
applying n kerosene-vinegar mixture followed by a bath with soap and 
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’n’arra water has given good results. An objection to tills method is the 
irrilatio'n produced by the growing liair, particularly to’eoldicrs on the 
march. 

Mercurial ointment is frequently applied but its use may cause a 
dermatitis, lienee the following substitute is recommended, yellow oxide 
of mercury, 10 parts ; salicylic acid, 1 part ; and vaseline, 90 parts. 

The body louse, Pcdiculus humanus corporis DeGccr (Fig, 4D), is the 
common clotliing louse which during the World War became known as 
the "cootie," also called the "graybnek.” Parasitologists now quite gen* 
crally agree that there is no specific difference between it and the heed 
ion«c, hotli are regarded as racial 
forms of Pcdiculus humanus Linn. 
Evulence concerning this agrcc- 
inent is most convincingly pre* 
sented by Nuttcff,< whose admir* 
able treatises on lice and their 
relation to disease and control 
should be rend by all students in* 
tercsted in the subject. 

Body bee infest the clothing 
where it comes in dose contact 
with the body rather continu* 
misly.c.g., tlic fork of the trousers, 
armiiits, tlie waist line, neck and 
shoulders. In his inspection of 
troops at delousing stations the 
author usually found lice on the 
underclothing, but all the nits 
were generally found in the gcains 
of the breeches if present at all. 
After all clothing a'as removed 
bee were occasionally found on the body for which reason bathing and 
strong rubbing were insisted upon ivlien possible to remove these strag- 
glers. Eggs are undoubtedly by preference deposited on fibers in the 
seams of clothing ns already mentioned. Nuttall and others have satis- 
factorily proved that the body louse may attach its eggs to the coarser 
hairs of the body, which may render it necessary to shave such parts in 
carrying on debusing operations. 

Nuttall states that a female body louse may lay from 275 to 300 eggs, 
the average number laid per day being about 30 for 20 to 30 days. The 
incubation period varies from 4 to 8 days when eggs are kept near the 
body at about 35“ C. Hatching, according to Nuttall, does not occur when 
the temperature reaches 22® C. or below; a favorable temperature being 
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attained at about 25° C. but with a elow development, lasting 16 days; 
and at 30° C. lialching was observed to occur in from 7 to 14 days, mostly 
in 11 to 13 days; at 38° C. hatching was slightly retarded and at 40° to 
45° C. the eggs did not hatch. The clTecUve zone for the egg stage is 
apparently from about 20° C. to 40° C. Tlje optimum temperature for 
egg deposition is said to be about 32° C , ceasing at 20° C, 

The young lice begin sucking blood at once on hatching from the eggs 
and throughout their development feed frequently both day and night, 
particularly when the host is quiet, Maturity may be reached in 16 days 
from the time the eggs are deposited. Unfed lice soon die; probably 10 
days would cover the longest period of fasting. However, if fed, lice may 
live from 30 to 40 days. 

The following instructive summary concerning temperature influ- 
ences on lice is given in a lecture on the “Life History of the Human 
Louse,” by Pierce,* June 17, 1918.' . 

“In the absence of definite humidity data we may roughly describe the 
zones of climatic influence on the hce as followa “nio zone of minimum fat 1 
temperatures for eggs is below 20° C (CS° F ) and for adults lies belon- zero 
centigrade (32° F ) The rone of dormancy m adults extends from about —10° 
to 5° C. (14° to 41® F J. The rone of sJuggi'h movement without reproduc- 
tive activity and mth practically no digestive processes extends from 6° to 
20° C. (41° to GS° F.). Digestion ceases at 12° C The zone of optimum 
activity lies between 20° and 40° C (CS° to 104° F ) with the optimum about 
30° C. Practically all egg hatching occurs within this zone, as does all ovi- 
position, practically ali assimilation of food, and all normal activity From 40° 
to 44° C. the hce are wildly active, this zone represents one of exhaustion m 
which death of eggs occurs. Above 44° C (112° F ) lies the zone of maximum 
fatal temperatures.” 

Relation to disease. — The presence of hce on any part of the body 
causes itching and is very annoying and may be designated as pediculosis 
That louse bites may produce certain systemic disturbances seems to 
be indicated in a report made by Moore* 

“I started feeding about 700 to SOO twice a d-ay Almost immediately a 
general tired feeling was noticed in the calf of the legs and along the shm bones, 
while on the soles of the feet and underneath the toes this tired feeling was so 
intense as often to prevent sleep until late in the night. An irritable and pessi- 
mistic state of mind developed. An illness resulted with symptoms very similar 
to grip and a rash similar to German measles was present, particularly over the 
shoulders and abdomen ” 

The skin of persons who continuously harbor lice becomes hardened 
and deeply pigmented, a condition designated os vagabond’s disease or 
morbus errorum. Experiments conducted by Dewevre (1892) and others 
prove that lice may carry the causative otgantsms of both favus (AcAo- 



no 


MEDICAL ENTO^IOLOGY 


non schoenleini Lebert) and tropical impetigo (Diplococcus pemphigi 
confagiost Wherry). Nuttall (1898, loc. cit.) states that Dewevre 

"removed ten pediculi from a child suffering from impetigo and placed them on 
a healthy infant, which a few dal’s later devdoped impetigo. The experiment 
was repeated several times ^th the same results. In a second series of experi- 
ments, he took scrapings from imder the nails of children that had impetigo 
and placing them on artificially scratdied places, reproduced the disease. Lastly 
he took pediculi from a child that was not affect^ with impetigo and placed 
them on a child that had the disease; removing them after twenty minutes, he 
replaced them on a healthy child The latter acquired the disease, as did ilty 
per cent of the children so experimented with. He claims the specific micro- 
organism adheres to the front legs especially, also to the hairs of the in'sect, and 
the latter carries them as bees do poUen. In the last set of experiments, he only 
allowed the pediculi to remain half an hour on the healthy head, but this was 
sufficient to produce infection.” 

The above typical example also illustrates the methods used to secure the 
experimental evidence of transmission. 

Epidemic relapsing fever was shown to be louse borne by Mackie ^ 
in 1907. He records an outbreak of this disease among school children, in 
which 137 out of 170 boys and 35 out of U4 girls were attacked. Twenty- 
four per cent of the lice removed from the boys contained spirocbaetcs, 
Spirochaeta recurrentis Lebert (S corfm' Manson) , while only 3 per cent 
of the lice removed from the girls were infected. As the parasites in- 
creased in abundance among the girls, so also did the epidemic increase, 
and conversely as the parasites became less abundant among the boys, 
so also did the epidemic decrease. The spirochaetes were observed to 
multiply in the intestines of the lice and were found to be present in the 
ovaries, testes and Malpighian tubules. Mackie concluded that infection 
might be spread by the lice by regurgitating the spirochaetes into the 
wound produced by the bite. Later (1912) Nicolle, Blaizot and Conseil * 
failed to transmit the spirochaetes through the bites of infected lice, and 
found that the only reliable successful experiments involved the injection 
or subcutaneous inoculation of an extract of infected lice. 

Based on experiments in which men and monkeys were e.xposed to 
hundreds of bites, Nicolle and his colleagues came to the conclusion that 
transmission is brought about by the introduction of spirochaetes re- 
ceived under the fingernails and on the finger tips from crushed parasites, 
which are inoculated into excoriated skin in scratching. They also found 
that the spirochaetes disappear and later reappear, only a few remaining 
in the insect’s intestine up to 6 or 6 hours after infection, and none after 
24 hours, but they reappear in the insect in from 8 to 12 days and are then 
present in the general body cavity, none being found in the alimentary 
canal. It w’as found that the spirochaetes were transmitted to the off- 
spring of infected lice, Chung and Feng® (1936) state that congenital 
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transmission of Spirochaeta recurrentis does not occur in lice. These 
authors also state that the salivary glands and Malpighian tubules of 
infected lice do not contain the spirochactes, also that the feces of in- 
fected lice are not infectious. The gastric juice of lice is detrimental 
to Spirochaeta rccunenth; only about 1 to 5 per cent or less of the in- 
gested spirochactes gain access to the tissue and coelomic cavity where 
multiplication takes place, multiplicfltion being by transverse division 
The incubation period in the human is said to be from 6 to 8 days 
It is stated by Nultall that a single infcctii'e louse, crushed upon the 
excoriated skin, has produced relapsing fever 

Typhus fever. — ^Typhus fever, knowm also as tarbardillo (Mexico), 
Brill’s disease (United States) , jail fever or war fever, is a disease of 
ancient origin and wide distribution. Wherever human beings are con- 
centrated in close quarters, especially in times of war and famine, this 
disease may become rampant. The disease is characterized by a high 
fever, bacl^che, headache, bronchial disturbances, a congested face 
(designated also as a "besotted expression”), a brick-red mottled erup- 
tion which later spreads, forming brownish irregular blotches. This spot- 
ting led to the belief that tarbardillo of Mexico was identical with spotted 
fever of Montana, a fact that was proved to be erroneous by Hicketts, 
who contracted typhus fever and died from it during the course of his 
investigations. The experiments and observations by NicoUe and Rick- 
ettR and Wilder ” indicate that the bedbug and the flea ere not instru- 
ments of transmission. That rat fleas arc instrumental in the transmis- 
sion of endemic typhus from rat to rat in the United States was proved by 
Dyer et al. in 1932 (see Chapter XX) . That the louse (Pediculus humanus 
Linn.) is probably the sole agent in the transmission of typhus fever from 
man to man was proved by Nicolle, et al (1909, working in Tunis) 
and Ricketts and Wilder ** (1910, working in Mexico) . The latter found 
that PiihecHs (ilfacaciM) rhesus (Desmarest) can be infected with tar- 
bardillo (Mexican typhus) invariably by the injection of virulent blood 
from man taken on the eighth to tenth day of fever, that the monkey 
may pass through an attack of typhus so mild that it cannot be recog- 
nized clinically and that immunity results Typhus was transmitted to 
the monkey by the bite of the louse in two experiments, the lice in one 
instance deriving their infection from man and in another from the 
monkey. Another monkey was infected through the introduction of the 
feces and abdominal contents of infected lice Into small incisions. The 
causative microorganism of typhus is Rickettsia proivazeki da Rocha- 
Lima (loc. cit.). 

The incubation period in the human is said to be from 10 to 12 days. 
The duration of the disease is said to be about 12 days in children, in 
which it may be comparatively mild, to 21 to 24 days in adults. The mor- 
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tality is said to range from 15 per cent to 30 per cent, but may bc’as high 
as 50 per cent to 75 per cent under war conditions. 

After reviewing the evidence contained in the literature NuttalP* 
states in a summary tliat the virus of typhus occurs in the blood of the 
affected individuals and that blood collected on the third to the tenth 
day of the attack has been found virulent. Infection occurs through the 
bite of infective lice or through such lice crushed upon excoriated skin, 
and infection may result during seven to eleven days after the lice have 
fed on infective blood. If lice arc crushed nine to ten days after an infec- 
tive feed, or if their fcccs are collected three to six days after they have 
fed on infective blood, their contents and fcccs respectively arc capable of 
producing infection if placed upon excoriated skin. It has not been deter- 
mined how long lice remain infective when once contaminated and the 
evidence regarding the hereditary transmission of the virus is contradic- 
tory. 

Endemic typhus fever is maintained in wild rats and transmission 
from rat to rat is effected by rat fleas, Xcnop&ylla eheopis (Roths.) and 
Nosopsyllus fasciatus (Bose) . Tlic relation of fleas to tj'p^ms is discussed 
in a later chapter. 

Trench fever. — Castcllani and Chalmers in their manual of Tropical 
Medicine give a list of synonyms for Trench Fever, among them. Five- 
days fever, Volhynia fever, Pyrexia of unknown origin (P.U.O.), shank 
fever, His-Wcrncnschc Krankhcit, and Febris quintana. 

“It IS charactenzod by a sudden on«ct of fever a.«Pociated uith pains:— 
mu'icles and bones, p.irticularly in the legs, uith especial tenderness of the shiiv, 
and lasting twenty-four to forty-eight hours or longer followed by other attacks 
of fever of less and less seventy, separated by apyrexial intervals of five daj’s • 
duration more or less, and ending in complete recovery." 

The causative organism of Trench Fever is believed to be Rickettsia 
quintana, so named by da Rocha-Lima ** in 1916, confirming the earlier 
work of Toepfer.^® 

Two commissions, one British consisting of Byam, Carroll, et ah, an 
the other American, consisting of Strong, Sw.ift, et ah, carried out very 
thorough investigations, during the World War, and the summary of the 
findings of the British commission follows; 

“1. The whole blood from febrile trench fever cases, up to the 5Ist d^y 
di';case, when injected intravenously, is capable of reproducing the disease. The 
incubation penod in such infections varies greatly — from 5 to 20 days. . 

“2. The liras as contained in the drculating blood is destroyed by the addi- 
tion of distilled water in large quantities. 

“3. The bites alone of infedive lice do not produce trench fever. 

“4. The excreta of infective hce when applied to a broken surface of skin do 
readily produce trench fever. The incubation penod of such infections is 
remarkably constant and averages 8 days. 
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“5. The excreta passed by lice fed on trench fever patients are not infective 
till the expiration of not less than 5 days from the commencement of the feeding 
on trench fex'cr blood, thus indicatif« a devdopment cycle in the Jovse or a 
period during which the organism multiplies. 

"G- Once lice are infective they remain eo till at least the 23rd day from date 
of their infection. 

“7. The xirus of trench fcx'cr, as contained in infected louse excreta, is 
capable of withstanding drying at room temperature^ exposure to sunlight^ keep- 
ing for not less than 10 days, and heating to 56® C. for 20 minutes. 

*‘S. SO® C. for 10 minutes destroyed the virus, which is therefore not a spore- 
bearing organi<!m, 

"D. The bodies of infected hce xvhen crushed upon the broken skin are 
capable of producing trench fever. When lice become so infective remains to be 
determined. 

“9a. Actu'e trench fever blood equivalent to the content of II lice does not 
produce trench fever when rubbed into the broken skin. 

"10. Infection probably does not take place by the mouth or by inhalation. 
"11. The excreta of lice arc not normally capable of producing trench fever. 
"12. Trench fever infected hce do not transmit the disease to their oifspnng. 
"13. There is a possibility of some attacks of trench fever being afebrile 
throughout 

"14. The percentage of individuals naturally immune to trench fever is 
exceedingly small 

"15. Old ago is no bar to infection. 

“16. Such immunity as results from an attack of trench fever is not per- 
manent, and may only persist for so long as the individual shows evidence of 
the disease. 

"17, Even as late as the 79th day of diiease a patient’s blood may remain 
infective, and be capable of infecting lice fed on such a patient while febnle. 

"18. The difierent varieties of trench fever result from differences m the 
persons infected rather than m the source of infection." 

Lice and taeniasis. — Dipylidivm camnum (Linn ), tlie double-pored 
dog tapeworm, is a common parasite of the dog and is occasionally found 
in humans, especially children. It measures from 10 Co M inches in 
length, has long secd-likc proglottids and an armored scolex, and has as 
its larval host the biting dog louse, Tnehodectes cams DeGeer, as well as 
the dog flea, Ctenocephahdes cams (Curtis) , and the human flea, Pulez 
irritans Linn The cysticercoid stage has been experimentally produced 
in the louse by placing ripe crushed proglottids of the tapeworm on the 
skin of a dog infested xvith lice. 

As has already been explained, the biting lice subsist on epidermal 
scales, skin exudations and other matter on the skin of the animal. This 
habit makes it comparatively easy for the louse to become infected by 
swallowing “eggs.” The dog, on the other hand, readily infects itself by 
dex'ounng the lice which irritate his skin. 

Persons, particularly children, while fondling louse-infested dogs may 
easily become infected by accidentally swallowing lice which contain 
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bladder worms. This is more readily accomplished if the person is eating 
while handling the dogs. 

Combating body lice {delousing ) . — The destruction of body lice 
and their eggs requires more than ordinary care as indicated by the 
preceding study of their life history and habits, and intelligent coopera- 
tion is essential. 

To avoid becoming lousy several simple precautions are essential: 
(1) avoid contact with lousy persons and their effects; (2) avoid over- 
crowding; (3) bathe at least once a week with hot water using a heavy 
soap lather and rub dry with a rough towel; (4) complete change of 
underwear at least once a week, to dispense entirely with underwear is 
to invite lousiness; (5) do not sleep between blankets which were pre- 
viously used by doubtful occupants of the bed and make sure that the 
bed linen is really fresh (under typhus-fever conditions, the above pre- 
cautions must be supplemented by others, namely attendants must wear 
specially prepared protective clothing and that of patients should be 
placed at once in a vessel well oiled with kerosene, and the floors of the 
receiving rooms might well be oiled as an added protection) ; (6) where 
possibility of infestation exists, frequent inspection (at least once a 
week) of body and clothing is essential. 

Much literature has appeared dealing with louse repellents and pedic* 
ulicides and this subject is admirably treated in Nuttall's comprehen- 
sive work on ‘'Combating lousiness among soldiers and civilians, in 
Parasitology, vol. 10, no. 4, pp. 411-588 (May, 1918) , but little positive 
evidence concerning repellents is available — such materials as oil of 
eucalyptus, anise, and cloves, naphthalene and carbolic acid do have 
some repellent effect. N. C. I. powder, consisting of commercial naphtha- 
lene 96 per cent, creosote 2 per cent, iodoform 2 per cent, dusted over 
underclothing once a week has a killing effect, but it must be borne m 
mind that naphthalene is irritating. 

Fumigation of clothing, persons to be properly bathed while this is 
being done, offers a quick means of louse destruction, but requires spe- 
cially constructed sealed chambers (vacuum necessary in some casw) 
either stationary or portable. Fumigants do not as a rule destroy the nits, 
hence can only be regarded as temporary, and the treatment must be 
repeated periodically. Among the gaseous substances used for this pur- 
pose are the following: (1) hydrocyanic acid gas, w’hich according to 
Pierce (1918, loc. cit.) is generated in an air-tight generator using 2^ 
parts of sodium cyanide solution made by dissolving 4 pounds of sodiuro 
cyanide in 1 gallon of water, 1 part of sulphuric acid (commercial) and 
part of water, and is piped into the fumigation chamber. Pierce directs. 
“Create 25-inch vacuum. Generate gas 5 minutes in generator.^ was 
into fumigation chamber. Break vacuum so as to fumigate m nor- 
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mal atmospheric pressure 25 minutes. Bemove gas by producing 25'inch 
vacuum. Return to normal pressure. Open door slightly and run vacuum 
pump a few minutes.” It must always be borne in mind that this is a very 
dangerous gas and must not be used by inexperienced persons. (2) Car* 
bon tetrachloride does not require complicated apparatus and its use is 
described by Foster vi*.: 

"A lO-gahon tin can such as is used for shipping liquid disinfectants was 
obtained. This can \Yas 12 inches in diameter, 19 inches high, sheathed with a 
light wood covering, and weighed 5% pounds. The top was cut out so that 
clothing could be introduced and reDio>'ed readily In making the tests the com- 
plete clothing of a United States Army prit'ate, consisting of hat, ohve-drab 
woolen blouse, olive-drab woolen breeches, Icggins, socks, woolen underdrawers, 
woolen undershirt, and ohve-drab shirt, was placed in this can, each article 
Ming firmly rolled up. A soiled shirt, badly infested ivith lice, was cut into 
four piec^. Each piece of the shirt was rolled fairly tightly and then further 
wap"--* — 1 . . ... ^ material con- 

* breeches and placed 

_ ' live lice was tightly 

gapped in the middle of the blouse and packed near the top of the contents 
The complete outfit of wearing apparel was placed m the tin and pressed down 
rather finaly, occupying a little more than one-half of the total space Several 
fiber paper were laid on top of the clothing, and on this paper 25 cc. 
tetrachloride was poured. TTie top of the can was covered by several 
thicknesses of toweling and a loose cover placed over this, the idea being to 
protect the can from the effects of drafts but not to seal it hermetically so as to 
I^rmitsome of the air to escapeat the top when ii was displaced at the bottom 
by the heavy vapor. At the end of two bours the can was opened, the package 
conteining the lice-infesled shirt was aired and examined All the bee were found 
to be dwd and they did not revive when c.taroined at various periods up to 24 
, r, . . . _ . ^ Similar conditions, 

' and a half was not 

.as also found that a 

, ■ kill the lice m two 

hours. ^ 

“These experiments were repeated in various wa>s with hce on pieces 
of cloth contained in test tubes open at both ends but fairly tightly sealed 
with cotton plugs These tubes were tightly wrapped in all the vanous articles 
of clothing and it was found that 25 cc of carbon tetrachloride, with exposure 
of two hours, was sufficient to kill all the hce . . . The garments were hung 
up and ■Paired for an hour, after which no odor of carbon tetrachlonde could be 
detected on them. . . . The tests were made at temperatures ranging from 6S® 
to 72® F. ... In considering the applicabUity of carbon tetrachloride as a 
delousing ^ent, the possible danger to human life must be borne m mind. The 
substance is said to be slightly more poisonous to human beings than chloro- 
form.” 

(3) Chlorpicrin is highly recommended by Moore and Hirschfelder,*’ 
whos,e careful and comprehensive investigations concerning lice deserve 
much praise. The following account of iheir experiments with this gas 
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will also assist the student in understanding methods employed in tins 
type of investigation. Tliey ^tUc: 

“In a study of the toxicity of a laige number of chemicals it was found that 
chlorpicrin, or nitrochloroform (CClsNO^), although quite volatile, possesses a 
\ery high toxicity. This high toxicity is due, in a large measure, to the ability 
of the chitm to absorb from the air even minute qu.antitic8 of the chemical and 
to permit it to pass through into the insect's body. In studies dealing mth the 
fumigation of grain and flour, chlorpicrin showed great penetration. Experi- 
ments were therefore conducted to determine its value in the fumigation of 
clothing to destroy lice and their (^s. Inasmuch as under field conditions only 
the simplest apparatus is available for the work, the fumigations were carried 
out in an ordinary g.alvamzcd iron ash can, without special cflorls to make it 
air tight. Chlorpicrin of the desired quantity was poured upon the garments, 
while they were being packed in the can, thus insuring a more rapid evaporation 
and penetration. The results of these experiments show that to evaporate the 
chlorpicrin rapidly in order that it may penetrate all parts of the clothing and 
destroy the eggs of the lice within 30 minutes, a small amount of heat is necessar)*. 
Three one-Utcr flasks filled with water heated to 80° to 85° C. were found 
to ansxver the purpose In practice the box might be heated to 30° to 35° C. or 
hot stones might be used in the same manner as the flasks. Where no heat is 
available, a longer exposure is necessary. The active st.ages are more easily 
destroyed than eggs; hence in only two experiments were active stages used. 
Tliey w’ere placed in vials closed w iih gauze and the vials placed in pockets of 
the trousers in folds of the cloth, and in one eaxe wrapped in three thicknesses of 
heavy underwear and placed in a leather ax ease which was then strapped shut. 
The lice were m all eases killed. 

“Inasmuch as clilorpicnn is mod in gas warfare, a supply should be avail- 
able on the fighting front. Owing to its poisonous nature, and its irritating effect 
on the eyes, nose, and throat, it would be necessary’ for the operator to use a 
gas mask Ainng the clothing in the open for 3 to 6 minutes is sufficient to 
remove the chlorpicrin, after which the clothing can be worn, 

“No bleaching or fading of colored fabrics w’as obsoiv’cd in a number m 
tests made wnth fabnes of delicate coloring, providing the chlorpicrin contained 
no impurities of chlorine or nitrogen peroxide. No injurious effect on leather 
was observed, but rubber is injured somewhat, although not as much as might 
be expected. 

“The use of chlorpicrin is recommended as a means of debusing garments 
under conditions prohibiting the use of hot air or steam, since no particular 
apparatus is needed for the work. Chlorpicnn is superior to other chemicals 
recommended for fumigation since, on account of its extreme toxicity, h>Sh 

vnio*;u+,r OT..1 ..r— *_»- *1 — -u ♦cmpera* 

• .tages of 

Laundry methods as a means of delousing have given good results 
when properly employed. Moore reports that in the washing of rough 
cotton goods at 180® F. for 30 minutes, lice and their eggs are destroyed 
and that if by chance eggs should escape destruction in the w’ashing 
process they w’ould later be destroyed during drying in the hot-air 
tumbler. Woolens must be treated somewhat differently in order to avoid 
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shrinkage as sliown by the work of Pierce, Hutchinson and Moscowitz,^® 
viz.: 


“la, In the washer, run a current of Hto steam fifteen minutes, revolvinc 
cylinder every five minutes, and discharging water of condens-ition every five 
minutes Heznovc the garments and shake until almost dry. This requires only 
a few shakes. 

“lb. Submerge in water at 1C5® F. for twenty minutes without motion, 
except a few revolutions every five minutes. 

“2. Wash fifteen minutes at 131® F. in heavy suds and light load. 

“3. Rinse three times, three minutes each, at I3I® F 

"4. Extract. 

“5 Run in tumbler fifteen minutes, at a minimum of 140® F. 

“We^advise live steam (la) or very hot soaking fib) only in cases where 
there is no heated tumbler (5) available, or where the garments are suspected of 
being contaminated uith very resistant spore-beanng bactena. 

"In other words, we recommend the usual laundry methods for the disinfec- 
tion and diKBsection, because of their added value of cleansing. 

“There can be no doubt that the ordinary processes of the laundiy will kill 
all lice and their eggs and probably all insect life We have proven that woolens 
can be treated with temperatures which will kill lice and bactena, without undue 
shrinkage— that is, 131® F. Washing in Aeauy suds, untb motion; 165® F soak- 
ing, vrithout motion; live steam, without motion, except occasionally to remove 
water of condensation; or dry tumbling of wet garments, do not cause undue 
shrinkage of woolens.” 

Dry ftcafhaa long been used in destroying lice, such os ironing cloth- 
ing with hot irons or singeing with a flame, also baking in an oven. The 
’ necessary killing temperature for both lice end mts is 60® C. (140® F .) 
for 20 minutes in case of dry articles- Various types of heat chambers 
have been devised, but in all cases there should be ample opportunity for 
fresh heated air to circulate in order to insure equal distribution of heat 
among the loosely hung garments. 

Sfeam sterilization if available is a satisfactory method of delousing 
and it is not only disinsecting but also disinfecting. It has some disad- 
vantages as compared with dry beat in that there is some danger from 
shrinkage, although this we have found to be slight when clothing is 
properly manipulated Unless nicely hung up it becomes badly wrinkled 
and certain stains (blood and excreta) become fixed by steam. Leather, 
rubber, felt, and books, of course, must not be subjected to steam sterili- 
zation. In the absence of permanent delousing stations at certain army 
camps the author organized a number of temporarj* stations using port- 
able sterilizers (known as American Kinyoun-Francis Portable Disinfec- 
tors) , circular type 40 inches in diameter and 96 inches long arranged in 
pairs side by side, each pair adjacent to a latrine with bath, one being 
used for blankets and undenvear and the other for uniforms. About 
thirty-five men were handled per load every 30 to 35 minutes and each 
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Btation was in charge of a commissioned officer and five or six enlisted 
men ns assistants. The following routine directions were in effect: 

A. DinBCTlONS TO Mek 

1. Leave blankets at sterilizer before entering latrine. 

2. Undress promptly and as^t in determining whether or not }’ 0 U bare 
vermin in your clothing or on your body, or have crab lice or head Uce. It is 
to your interest to get rid of these now. 

3. Place your uniform carefully over hangers provided for the same to 
avoid wrinkling. 

4. Empty your pockets completely and do not send leather or rubber goods 
to the stenljzcr. 

5. Tie up your underwear, spiral leggins, socks and cap (unless it has leather 
band) into a bundle with belt, and attach identification disk. 

6. Pass under shower and bathe thoroughly, using plenty of soap. 

7. Drj’ with clean towel issued to you. 

8. Receive sterilized belongings, dress and leave latrine, receiving blanlccts 
at sterilizer. 


B. DfREcnoNS ron SimiuzEn Unit 

1. Follow directions for operation of sterilizer. (S« directions posted on 
sterilizer.) 

2. Hang uniforms in carriage carefully so as to avoid wrinkling and do not 
overcrowd. 

3. With load ready, door properly clowd, steam up in boiler and pressure 
in jacket, produce a vacuum 

4. Vacuum of from twelve to fifteen inches held for about fi\'e iMUtes. 

(This is necessary’ to provide for pcnelr.alion of 8tc.am and is essential to destroy 
hce if present ) , 

6. Introduce steam in stcnlizcr chamber until fifteen to twenty poun 
pressure is produced, and hold for fifteen minutes. . , 

6. Allow' steam to cscsapc and again produce vacuum of about fifteen inchw 

7. Break vacuum and unload when zero is rcachetl. 

8. Return clothing promptly to men waiting in latrine. 

Storage of garments likely to be infested with lice raises the question 
— ^How long will the lice and eggs survive? Since temperature play's an 
important role both in longc\nty and incubation, it may be said that licc 
can live without food for ten days at low temperatures (about 40° F-) 
and for shorter periods at higher temperatures (two to three days a 
about 85® F.) ; hatching may be delayed by low temperatures, c-g-, Nu * 
tall states 16 days at about 25° C. (77°F.) and the eggs do not hatch a 
22® C. (71® F.) or below. It would apparently be safe to assume t a 
dry storage for about three weeks would prove effective. 

Live steam, where it is possible to secure it, is strongly recommende 
in the disinfection of bunk houses, bunks and other accessible structures 
where debusing operations (also bedbug control) are in progress. 

Sucking Uce affecting domesticated mammals. — ^The sucldng hce 


{ 
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of the domesticated mammals belong to the family Haematopinidae and 
are arranged mainly under two genera, Haematopinus and Linognathus. 
Swine have one species of louse only, Haematopinus suis (Linn.) (H. 
wnusNitzsch) (Fig. 47). This is the laigest representative of the entire 
group, measuring as much as 5 to 6 mm. in length, and is a cosmopolitan 
species, Next to cholera this louse is said to be the hog’s worst enemy. 
These parasites occur chiefly in the folds of the skin on the neck, at the 
base of and inside the ears, along the belly and on the inner sides of the 
legs. According to Florence hog lice feed readily on man but will not 
feed on guinea pigs. The same author summarizes the life history at 35° 
C., the organisms kept continually next to body in vials, as follows: 
incubation period of e^s (Fig. 48), 13 to 15 days, first molt after five to 
six days, second molt after four days, third and last molt after four to 



Flo 47. — ^Hog louse, ^a«mal<7pcRu« (ui*. X 7 

Fio 48 -~Ntts (eggsl of the hog louse atteched to the hair of the host One of the 
eggs has hatched. X 10. 

five days, sexual maturity after three days, or a total of 29 to 33 days 
from egg to egg. It will be seen that this is a considerably longer time 
than is required for the life history of any of the biting lice, a matter to 
consider in the application of control measures. 

Three species of sucking lice occur on cattle — jAnognathus vituli 
(Linn.) , commonly known as the long-nosed ox louse or "blue louse,” 
measuring about 2 mm. in length and distinguished from the next species 
by its long nose and slender body; and Haematopinus eurystemus 
(Nitzscb) or the short-nosed ox louse, which is somewhat larger than the 
former and much broader in proportion; Solenopotes capxllatus Enderl. 
has been redescribed by Bishopp ** and shomi to have a wide distribution 
in the United States and to be a serious cattle pest at times. It measures 
from 1.2 to 1.5 mm. in length and in general appearance apparently 
resembles the short-nosed ox louse. All three species show a tendency 
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toward attachment on the head, neck and shoulders of the host where 
the eggs are attached to hairs^ The eggs of the short-nosed louse are said 
to be white, those of the long-nosed louse nearly black, and those of 
the Solenopotes pale yellowish. The incubation period ranges from 7 
to 12 days according to various observers and the life history from egg 
to egg from 22 to 27 days. Lamson (loc. cit.) reports that the short-nosed 
ox louse lays from 35 to 50 eggs over a period of from 10 to 15 days. The 
larvae of this species mature in from 15 to 18 days. 

Horses mules and asses are frequently infested more or less with one 
species of sucking louse, Haematopinus asini (Linn.) [H. macrocepha- 
lus (Burm.)]; it measures from 2.5 to 3.5 mm. in length; it resembles 
the hog louse except that the head is relatively longer and more robust. 
The lice are usually located at the base of the mane and forelock arid root 
of tail. Hall (loc. cit.) reports that 22 out of 38 horses examined were 
infested with this species. The same author reports the incubation period 
for the egg to range from 10 to 19 days (eggs kept in Petri dishes at rom 
21® to 31® C.). It is quite probable that this species requires about me 
same time as the hog louse for the completion of its life history, i e , ro 

29 to 33 days from egg to egg. , ^ .i. « «oiipd 

Sheep are in some parts of the United States affected by the s 
foot louse, Linognathus pedalis (Osborn) . The author has observe 
species on sheep from California and Nevada, and Osborn has repo e 

from Iowa It occurs on the legs, especially in the region of the ’ 

but we have found that in heavy infestations it may actually mva 

wool above the knee, and deaths have been reported as due to is 

This species measures about 2 mm. in length and as it is the on ^ ^ 
louse likely to attack sheep in the above manner, its identity c^ e e 
established. Linognathus omllus (Neum.) is reported as t e sue 
louse of sheep in Scotland and New Zealand. . 

Goats often suffer heavy infestations of Linognathus s e 

(Burm.). Dops are commonly heavily infested with us 

ferus (Burm.), and rabbits harbor Haemodipsusventneosus ( '.g 

Control of sucking lice of mammals. — Poorly / of 

crowded pens and insanitary quarters are factors in the multip ica i 

lice, but the parasites may gain a foothold in spite of plenty of oo ' 

quarters and adequate space, hence the up-to-date stock farmer ® ^ 
not neglect to install a good dipping vat as a part of 
Although lice will not breed aw’ay from their host, they may ° 
hair and may remain alive for probably not over five days an , gj 
animals after dipping or other animals of the same species m 
into quarters before the dropped lice have died, may become rein 
Furthermore, the great majority of the ordinary dips do not es 
eggs present at the time of treatment, hence a second dipping is us 
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mccssaiy after tlio young lien Imvc hatched. This second dipping should 
be properly timed and in most cases should be done 16 to 18 days after 
the first. The author has found that concrete hog wallows containing 
water to which a film of crude oil is applied afford very satisfactory 
results in the control of the hog louse. The wallow should be shallow 
and built in the shade of a tree or otherwise protected from the sun so as 
to protect the pigs from oil bums. 

Both the biting and sucking lice of cattle, horses and other animals 
may be controlled through the repeated use of tow linseed oil applied by 
hand, using a brush as already explained, but the animals must be kept 
out of the sun for 10 to 12 hours. In fact any of the effective dips may be 
successfully applied in this manner or also by means of an ordinary spray 
pump, provided the animal is given a thorough wetting. Among the dips 
use or lice are the following, ( 1 ) fccroscnc emulsion, prepared and used 
as escribed in the chapter on ticks; there is some danger from bums; 

\ ) arsenical dips also prepared and used as dtscribed for ticks, its poi* 
eonous properties must be considered; (3) nicotine dips, containing 0 05 
per cent of nicotine. 

For the handling of smaller animals such as dogs, cats, monkeys, etc., 
we lave found a small tub or pail vcr>' useful and n dip made of a 2 per 
cen solution of creolin. The water should be soft and lukewarm. Clear 
cool water should be at hand to bathe the face and eyes after the animal 
as cen given a complete plunge. The use of o derns root dust as 
escribed for the control of biting Hcc is also recommended not only for 
smaller animals but cattle as well. There are some excellent dips, particu* 
sr y coal-tar, on the market which should be used as directed, but there 
are also numeroba dips that cannot be recommended. 

B. The Biting Lice 
Order Mallophaga 

The common name "bird lice,” often applied to the Mallophaga, is 
mis eading a.s suggested, hence the term "biting lice” should be substi- 
tuted. 

Life history. — ^The breeding habits and life history of the members 
0 the two orders of lice are quite similar. The eggs are attached to the 
airs or feathers of the host (Fig. 49) , near the base in each case, being 
g ued fast by means of a cement secreted by the female louse. This fluid 
secretion flows around the base of the egg and the hair, f catherlet, or fiber 
and quickly hardens to form a firm attachment. The eggs or “nits" are 
cposited singly over a period of two or three weeks, apparently corre- 
sponding to the length of life of the adult insect. The total number of 
eggs has not been worked out accurately for any one species of biting 
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louse, though Lamson =’ givea thirty-five to fifty as the number for the 

“short-nosed'' cattle fouse (Anoplura). 

Injury done by biting lice.— The injury done by the biting lice h 
largely restricted to poultry, although some trouble may result when 
mammals are badly infested. The injury is largely due to irritation or 
itching caused by the creeping insects and their incessant gnawing at tie 
skin. This irritation causes tlic host to become exceedingly restless, 
thereby affecting its feeding habits and proper digestion, resulting in un- 
thriftiness. Egg production in fowls is greatly reduced and development 
retarded. A lousy flock of poultry is not a good investment. When lice 
are abundant uncleanliness and overcrowded conditions usually exist. 

Classification.— The biting lice (Mnllophaga), of which there were 
about 1,400 species =” m 1916, 
may be divided into two subor- 
ders with 1,257 species accordbg 
to Kellogg in 1908: (1) Ambly- 
cera with short, clavate or capi- 
tate, four-segmented antcnsaCi 
concealed in shallow cavities or 
under side of headj four-seg- 
mented palpi, mandibles, honioU' 
tal; and (2) Ischnocera, wili 
short, slender three- or five-seg- 
mented, c.xposed antennae, ne 
palpi, mandibles vertical. 

Kellogg divides the Amblyccra 
into two families, vii.: (1) Gjf' 
pidae— tarsi with one claw, m- 
festing mamnials only, e.g., 0 ^^ 
pus ovalis Nitzsch and GitnciM 
porcelli ° 

guinea pig; and (2) Liotlieidae — tarsi wth two claws, 
mainly, e.g., Menopon palltdwn Nitzsch, the "shaft louse” of chic *e ^ 
and Tnnofon luridum Nitzsch of ducks. He also divides the Isc , 
into two families, viz.: (1) Trichodectidae— antennae 
tarsi with one claw, infesting mammals only, e.g., Trichodectes 
(Linn.) (J. scolans Nitzsch) of cattle, and (2) Philopteridae an 
five-segmented, tarsi with two claws, infesting birds mainly, e.g., 
iodcs styhfer Nitzsch, the large turkey louse, and Lipeurus capo^ 
(Linn,), the "ning louse” of chickens. y,. 

The life history of a biting louse. — One of the roost outstanding 
history studies of a biting louse was made by Martin^® on 
louse, Columbicolo columbac (Linn.) (Lipeurus baculus Nitzscn)- 



Fw 49 — Eggs of biting lice (ilallopbagsl 
on feathers of a bird 
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lound that as many as sixty white, opaque eggs ore attached to a single 
feather. The incubation period at 37® C. was normally from three to five 
days; at 33® C. it ran from nine toiourteendays. At the latter tempera- 
ture the nymphs always died in from one to six days. There are three 
instars, each requiring on an average slightly less than seven days, mak- 
ing a total of between 24 and 25 days for the complete life cycle. At 37° 
C. the adults live usually from 30 to 40 days, the longest time being 
51 days. Temperature is the chief factor in determining the length of the 
life cycle as well as the sur\'iv8l of the young. 

Lice infesting domestic fowls. — ^More than forty species of lice are 
said to occur on domestic fowls of which seven species are commonly 
found on chickens. Losses due to poultry lice arc most evident among 



' Pzo. 50. Pia 51. Fra 52 

Fxo 60 — iThe common sttaU louse of poultry, Henopon patUdum 
Flo. SI ~7he large lien lou^e, Oon*oro/er abdomtnalu K 10 
Pio 52 — A turkey louse, Coflio«fr« r/pfi/rr X 24 

the young birds, but heavy infestations on older fowls result m loss of 
weight, lowered egg production and lowered vitality. Although other 
maladies may present eimilsr symptoms, infested fowls are droopy, lower 
the wings, present an unkempt and ruffled appearance and suffer from 
diarrhea. The commoner lice of chickens are (1) the “body louse" 
{Menopon biseriatum Piaget), a rapidly running species occurring on 
all parts of the fowl but mainly on the body where it crawls around on the 
skin ; it is light yellow in color and about 2 mm. in length ; it lays its eggs 
in large clusters, particularly on the small feathers below the vent; the 
egg s^ge requires about a week and matunty is reached in. about two 
weeks thereafter; (2) the “shaft louse" (Menopon palhdum Nitzsch) 
(Fig. 50), which resembles the body louse very closely but is smaller in 
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size, and occurs mainly on the shafts of the feathers; it is said to gain its 
nourisliment from barbs and scales of the feathers and is tliere/ore not as 
irritating as the former species; according to Bishopp and Wood it does 
not occur on young chickens and deposits its eggs singly, at the base of 
the feathers between the main shaft and the after shaft; the life history 
appears to require a somewhat longer time than the former species; (3) 
the “head louse” (Lipeurus heterographus Nitzsch), a dark grayish 
species about 2 mm. in length, infesting the head and neck of young 
chickens on which it is most injurious; it deposits its eggs singly on the 
down or small feathers about the head and requires about the same time 
for complete development as the first species mentioned; (4) the large 
hen louse or “blue bug” {Goniocotes abdominalis Piaget) (Fig. 51), 
about 3 mm. in length, broad with rounded head and srnoky gray in color; 
it is generally distributed over the body and easily recognized; (5) the 
“wing louse,” Lipeurus caponis (Linn.) {Lipeurus variabilis Nitzsch), 
also known as the “variable louse,” a long slender species about 2 mm. in 
length ; the margins of the head are black, the head is large, rounded and 
the general appearance is sufficiently distinct to separate it from all the 
other species; (6) the “fluff louse” {Goniocotes hologaster Nitzsch), a 
very small and broad species about 1 mm. in length, pale in color and 
seldom abundant; (7) the “brown louse” {Goniodes dissimilis Nitzsch). 
reported for the southern United States by Bishopp and Wood; it is 
described by them as somewhat smaller than the large hen louse and red- 
dish brown in color and found on tlic feathers of the body. 

Turfcei/s are commonly infested with the large (3 mm. long) Ooniodes 
stylifer Nitzsch (Fig. 52) which has the posterior angles of the head 
extended backward into long projections terminating in stylets or bristles. 
Another louse found on turkeys is Lipeurus polytrapezius Nitzsch, a long 
slender species measuring from 3 to 3 5 mm. in length. Ducks and geese 
harbor a rather small-sized species, Docophorus icterodes Nitzsch, meas- 
uring about 1 mm in length in which the head is curiously expanded and 
rounded in front and is a darkish red and the thorax is red also with 
darker bands; another species infesting ducks and .geese \s 'Lipeurus 
squnlidus Nitzsch (Fig. 53), which is about 4 mm. in length, head longer 
than broad, vcr>’ slender and light ycllowush in color. Another long 
species infesting ducks (4 mm.) is Trinoton luridum Nitzsch, dark gray- 
ish in color with triangular head about as long as broad. None of thc«c 
species appears to become abundant enough to be of any great conse- 
quence. The common lice of the swan are Docophorus cygni Denny, 
about 1 mm. in length; “in color the head, thorax and legs are bright red- 
dish broiNTi while the abdomen is white in the center and dark brown at 
the sides, the browm occupying hard platc-like portions at the side of 
cacfi segment”; and the extremely large and common Omilhobiu$ 6u- 
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cephalus Piaget (4 mm. long). The latter is conspicuous because of its 
size; the body is white and quite transparent. 

Pigeons are often abundantly infested with Columbicola columbae 
(Linn.) {Lipeurus baculus I^itzsch), a very slender species measuring 
about 2 mm. in lengUi; Goniodes damicomia Nitzsch, a broad brownish 
species about 2 mm. long, and <?onfocofes compar Nitzsch, about 1 mm. 
in length, whitish in color with a rounded head in front. Guinea fowls 
are said to harbor Goniodes nurntdianus Denny, Lipeurus nutnidae 
Denny and Menopon numxdoe Gieb.; pea fowls, Goniocotes rectangu- 
laftis Nitzsch, Goniodes /alcicomis Nitzsch and Me- 
nopon phaeostomum Nitzsch; pheasants, Goniocotes 
chrysocephalus Gieb., Gomodes colchtcus Denny, 

Lipeurus heierographus Nitzsch and Menopon julvo- 
maculatuyn Denny. 

Control of poultry lice. — No remedy has ^ven 
such uniformly satisfactory results in the control of 
the lice of all kinds of domesticated birds as has 
sodium fluoride (NaF), aparently first used against 
these parasites by Bishopp and Wood in 1917. This 
remedy has been verj' carefully tested with excellent 
results In the great poultry centers of Caii/onwa 
Sodium fluoride can be obtained in two forms, a white 
powder or commercial form (90 to 98 per cent pure) 
and in fine crystals or chemically pure For louse con- 
trol the former more finely powdered form is prefer- 
able. It retains its efficiency almost indefinitely if 
kept in a dry place in stoppered bottles or cans One 
application generally will destroy all licc present. It 
may be applied in three ways, viz , the pinch method, 
dusting and dipping, 

The pinch method consists of placing on the skin of ^ *RedV ** * 

each fowl aprpQximately ten “pinches" (amount held ’ after 0«bom ) x lo 
between thumb and forefinger) of the commercial 
sodium fluoride distributed on the breast, each thigh, below the vent, on 
each side of the back, on the neck, on the head, and finally one sprinkled 
on the underside of each outspread wing. The birds, when treated, should 
be held over a shallow pan or newspaper in order that the excess of the 
chemical roay*be saved. 

Dusting . — The powdered sodium fluonrfe is sometimes mixed with 
three or four times its bulk of flour or talc and applied with a large shaker, 
ruffling the feathers of the l^ird as the chemical is applied. This procedure 
is not as economical of material or as efficient as the pinch method and 
the excess of chemical in the airis irritating to birds and operators. 
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Dipping in sodium fluoride solution is rapidly becoming a standard 
method of treatment among a lai^e group of producers that have over- 
come the poultrymen's prejudice against wetting their birds. In Cali- 
fornia, birds may be. dipped safely in almost every month of the year by 
choosing a warm day with little wind and completing the operations an 
hour or two before sundown in order that the fowls may dry thoroughly 
before roosting for the night. The solution should be prepared in a 
wooden container, avoiding contact with galvanized iron. The ordinary 
wooden wash tub is excellent for this purpose. One ounce of the commer- 
cial sodium fluoride or two-thirds of an ounce of the chemically pure 
crystals should be dissolved in each gallon of tepid water. The best 
method for dipping the birds is to hold them with the left hand by both 
wings. They are then placed feet foremost in the warm dip and sub- 
merged until only the head remains above the surface. They should be 
held in this position from 20 to 25 seconds while the feathers are being 
ruffled to permit penetration of the liquid. Just before removal the head 
should be ducked under the surface. The birds should be held above the 
dip for two or three seconds to allow them to drip before releasing them. 
One hundred birds will use up approximately five gallons of dip, on which 
basis material should be available at the start of operations to keep the 
dip replenished. 

The dipping method kills all lice immediately, but where the chemical 
is applied as a powder tlirec or four days pass before elimination is com- 
plete. If the birds are caught and handed to the operator from 100 to 125 
birds an hour can be treated by dipping or dusting and approximately 60 
to 75 per hour by the “pinch” method 

Other methods. — The very fact that poultry wallow in dust when- 
ever available indicates a means of partly controlling the bird hce. 
Special box wallows, conveniently placed, broad and deep enough so that 
there will be room for several birds at a time, should be partly filled with 
fine road dust or ashes with the addition of a quantity of tobacco dust in 
the proportion of about six parts of the former to one of the latter. It is 
quite desirable to add a few handfuls of sulphur. The finer the dust the 
better, since it is believed by some that the dust particles enter and clog 
up the breathing pores of the lice. However, it is more probable that the 
agitation caused by the birds wallowing in the dust dislodges many of the 
lice and they are thus lost in the shuffle. A very good louse powder for 
dusting birds by hand is prepared by mixing gasoline, 3 parts, and car- 
bolic acid (about 90 per cent pure), 1 part, and stirring into this mixture 
enough plaster of Paris to take up the moisture. When preparing this 
mixture, it must be borne in mind that the gasoline is highly inflammable 
and that the carbolic acid is poisonous and injurious to the skin. Pyreth- 
rum powder or buhach (fresh) applied to the hen directly by means of 
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a duster is also a good remedy, as is dusting with flowers of sulphur. 
Naphthalene flakes in the nests and naphthalene nest eggs, while fairly 
effective, are injurious both to the hens and the eggs. Dipping chickens 
in a 2 per cent solution of chlorine is recommended by some. After a flock 
of birds has been freed from Hce all new acquisitions should be treated 
before being placed with them. 

We have found powdered derris root applied as a dust or as a dip, 
one-fourth ounce to a gallon of water, to be effective. This method is also 
described by Wells, Bishopp and Laake.^’ 

The application of 40 per cent nicotine (Black Leaf 40) to the roosts 
in a thin layer with a brush or swab before the birds go to roost gives 
excellent results. The treatment should be repeated at an interval of ten 
days to kill the lice which have hatched from eggs on the birds. It is 
recommended that the application be made when the weather is calm. 
Apparently this treatment acts as a fumigant. 

Biting lice of domesticated mammals. — The biting lice of the do- 
mesticated mammals are for the most part rather easily identified by 
their presence on a given host, as commonly not more than one species of 
Mallophaga is found on each species of mammalian host. Cattle are 
often heavily infested on the withers, root of tail, neck and shoulders with 
Trichodectes scalaris Nitisch (Fig. $41, a little reddish yellow louse 
about IV 2 mm. in length, definitely marked with transverse bars (ladder- 
like) on the abdominal segments The white eggs are deposited on the 
hairs of the host and the entire life history from egg to egg requires about 
three weeks. The lice arc most numerous on the animals during dry, cold 
weather when the hair is long. Although the biting lice do not irritate the 
cattle as much as sucking lice, the following noteworthy observation is 
madeby Iraesi ** 

“When present in large numbers, however, they often foitn colonies or 
groups around the base of the tail, over the withers, and on other parts of the 
animal, and produce lesions resembling thoce of scab These lesions var>’ in size 
from that of a 25-cent piece to 4 or 5 inches in diameter The skin over these 
areas appears to be raised and ringworm may be suspected, but when the lesion 
is manipulated the scarf skm faUs off, exposing the Uce grouped on the raw tissues 
beneath. Under such conditions the irritation is very great and the damage to 
the animal may be fully equal to that caused by scab ” 

Horses, mules and asses, but horses more particularly, when poorly or 
irregularly groomed maj suffer from two species of biting Hce, Tricho- 
dectes parumpilosus Piaget and Tnchodeeles pHosus Giebel, of which 
the latter according to Kellogg and Ferns** has not been reported 
from North America although it is reported by Hall on horses in 
Michigan. Trichodcctcs parumpilosus Piaget js described by Osborn**; 

"The head is decidedly rounded in front, the antennae inserted well back, so 
that the head forms a full semicircle in front of the base of the antennae. The 
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abdomen i? more slender and tapcrinp than in scalans. . . . The color is much 
as in the allied species, the head* thorax and legs being a bright rcddi'jh bro«n, 
or chestnut, and the abdomen of a dusk}’ yellowish color, with about eight trans- 
verse dusky bands occupying the central or anterior portions of the segments and 
extending from the middle line ft little more than'halfway to the margin. They 
are hardly as conspicuous as m scalaris.” 

T. pilosus Gieb. is a smaller species and the antennae are inserted well 
forward, almost on a line with the anterior border. Hall states that these 
"lice give rise to itching, and the results from this are often surprisingly 
unpleasant. A barn full of horses may become a pandemonium as a result 
of lice The itching animals attempt to relieve the itching by rubbing 
and biting, other animals start to kick, presently the kicking becomes 



Fio 54 FIO 55 50 

• Fio 54 — The hituig ox louse, rWcAodeefe* »fn?nnj X 20, 

Fia 55 — hitini; louse of the Anj^ira goat, Trichodectet Aerm«i. X 22. 

Fio 56 — The biting Jog louse, TncAorfeefea com*. X 35 

general and there is a resultant clamor and din, with a substantial ele- 
ment of danger to the horses and attendants." The life history is about 
the same as for the biting cattle lice. 

Sheep may at times show severe infestations of Trichodectes ov^ 
Linn. (T. ephacrocephahis Nitzsch). This species is about 1.5 mm. in 
length, the head being somewhat rounded and as long as broad and red- 
dish in color; the abdomen is whitish. Because of extensive dipping 
operations against scab this louse has seldom had an opportunity to 
thrive, but we have observed that when scab had disappeared and con- 
sequently no dipping was done, the biting lice appeared in troublesome 
numbers. 

Goats are very commonly enormously infested with biting lice. Sev- 
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Hama harbors frichodectes breviceps Rudow. Trichodectes tibialis Pia- 
get (Fig. 57) is exceedingly abundant on California deer. 

Control of biting lice on mammals. — Sodium fluoride as employed 
for control of lice on poultry (dusting method) has proved effective in the 
destruction of the biting lice on cattle, horses, goats, sheep, dogs, cats 
(light treatment) and guinea pigs. Bishopp states that “a high degree of 
effectiveness (90 to 100 per cent destruction) may be obtained by apply- 
ing the sodium fluoride with a dust gun to the flock in a pen as the goats 
are driven through a chute. It does not seem to be necessary to drive the 
dust into the mohair especially and only a small amount — about one- 
third ounce per head — is necessary." 

The following suggestion by Lamson (loc. cit.) for the treatment of 
cattle lice in general is particularly noteworthy: 

“Of the many different measures for the control of hce on dairy cows and 

• • • 1 .-' — of economy , 

' ■ • 'ing the skin 

ch the cow. 

It has no poisonous properties. At the same time it is a logical remedy, as the 
lack of oiliness in the skin of the cow is a fundamental reason for her being lousy. 
Linseed oil can be put on at the time taken for grooming or cleaning the cows, 
thus doing two things m “ *'•*• fiyo cows can be 

treated with a pint . . times. Raw 

hnseed oil can be best ap , jqual length 

Do not rub the skin too vigorously when applying the oil. Do not allow the 
animals that have been treated to go out in the strong s^light xmtil at least 
twelve hours after applying the oil. Do not exercise the animals after the treat- 
ment. Do not use the boiled or refined linseed oil.” 

Linseed oil as already suggested is effective against both kinds of 
lice, while sodium fluoride is useful against biting lice only. As a rule 
effective standard dips, made of kerosene, nicotine, arsenic, cresol, etc., 
as recommended in this chapter, will give good results for all lice, but 
because of the simplicity of application and low toxic action of sodium 
fluoride to domesticated animals and man, it is w'orth while determining 
whether the lice are Mallophaga or not. 

It has lately been found by Wells? Bishopp and Laake (loc. cit.) that 
a dust compound of derris root [supposedly Degnelia (Dems) elliptical 
and a carrier such as flour (equal parts) is effective against both biting 
and sucking lice. 
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CHAPTER X 


GNATS (Exclusive OF Mosquitoes) 

OnoBR Diptera 

General characteristics. — The medical entomologist must be well 
versed in the Diptera,* because to this order belong many of the vectors 
of the world’s most important diseases, notably malaria, yellow fever, 
dengue, and African sleeping sickness. The Diptera commonly desig- 
nated as “the flies” have only one pair of wings, when n inged, and these 
are usually membranous The hind pair is represented by a pair of short, 
knobbed organs known as the balancers or haltcres Large compound 
eyes are present and most species possess three simple eyes, ocelli. The 
mouth parts as already described in Chapter VI function as suctorial 
organs, but are subject to great variation ; many species are provided with 
piercing stylets which vary widely in form. The metamorphosis is com- 
plete in that there are four stages in development, egg, larva, pupa and 
adult. Some species are Viviparous, notably the tsetse flies, A knowledge 
of the lar\’ae of Diptera is highly important, particularly the muscoid 
maggots which frequently cause myiasis, and aquatic larvae in relation 
to mosquito and gnat control.* 

The Diptera have a wide range in breeding and feeding habits. There 
are very few habitats suitable for animal life which have not been in- 
\’aded by the fins. There is a species of fiy knon-n as the petroleum fly, 
Psifopa petrolei Coq , which develops in crude oil. Many species are 
known to be of great importance as agricultural pests, and many are ben- 
eficial m that they are predators on other insects or serve as scavengers. 
'' Classification of the Diptera. — In the classification of Diptera, wing 

venation is conimoniy used (Fig 58). TJie great diversity of antennal 
characters provides a useful series of characters, as do the arrange- 
ments of spines (chaetotaxy) on the body of certain species.* 

The Diptera arc usually separated into two suborders (1) Orthor- 
rhapha, referring to the species in which the winged insect escapes from 
the puparium (more correctly the last larval skin) through a T-shaped 
antero-dorsal split, as in horseflies, buffalo gnats and mosquitoes; and 
(2) Cyclorrhapha, in which the insect escapes from the puparium 
through a circular opening, in fact it pushes off the anterior cap by 

•The studcBt 19 referred to "The FanuJiM and Genera ol North Amencan 
Diptera," by C. H. Curran, 1934. The Ballou Press, New York, 512 pp 
133 
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means of pressure exerted by the bladder-like ptilinum located on the 
head of the insect, ag in houseBies and blowflies. 

For the purposes of this book the Diptera are divided into three sub- 
orders. (1) Nematocera, in which the antennae arc filiform and many- 
jointed, as in mosquitoes; (2) Brachycera, in which the antennae are 
short, not filamentous, generally three-segmented, variously formed, as 
in horseflies; (3) Cyclorrhapha as described above, antennae, brachy- 
cerous, generally three-segmented and frequently bearing an arista on 


THE WINGS OF DIPTERA 



Fio. 58 — Wings of Diptera For explanation of venation see Figure 13 

the terminal joint, ptilinum usually present as in houseflies and blow- 


SuBORDBR I, Nematocera 


Larvae with well developed, exserted head and horizontally biting 
mandibles ; pupa free. Antennae of imago many-jointed, longer than the 
head and thorax, the majority of the joints usually alike; arista wanting. 
Palpi usually four^ or five-jointed, pendulous. Discal cell genera y 
absent, cubital cell when present widely open. 
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Suborder II. Brackycera 

Larvae with incomplete head, usually retractile, and with vertically 
biting mandibles; pupa free. Antennae of adult shorter than thorax, 
verj' variable, generally threc-segroented with last elongate; arista or 
style when present tenninah Palpi porrect, one- or two-segmented. 
Discal cell almost always present, cubital cell contracted before wing 
margin or closed. 


Suborder III. Cyclorbhapha 

Larvae w-ith vestigial head; pupa coarctate; antennae of adult three- 
segmented wdlh arista usually dorsal in position. Palpi one-segmented. 
Discal cell almost always present. Cubital cell contracted or closed. 
Head with frontal lunule and usually with ptilinum 

Some Families of the Order Diptera * 

Suborder Nematocera 

A. Mesonotum with an eatire V-^haped suture {Crane Flies) Tipulidae 

AA Mesonotal suture traDs>*erse, not V-shaped 

B, Costa continued around the margin of the wings, though weaker behind 
the ape.x 

C. Wings short and broad, folded roof-hke over the body when at 
rest, usually pointed 

(Moth Flies, Sand Flies, Owl Midges) Psychodidae 
CC. Wings long, or if broad, the apex verj’ broadly rounded, always 
lying flat over the back when at rest 

D. Apical veins strongly arched (Diva Midges) Dmdae 

DD Veins straight or nearly so 

E Proboscis cot elongate, extending but little beyond the 
clypeus; wings with scales (when present) confined 

mostly to the fringe. . Chaobondae 

EE Proboscis elongate, extending far beyond the clypeus; 
Wings with the veins and margins with scales 

(Mosquitoes) Cuheidae 

BB Costa ending at or near the apex of the wing 

C Wings very broad, the posterior >-eins weak and poorly devel- 
oped (Black Flies, Buffalo Gnats) Simuliidae 

CC Wmgs narrow and long, the posterior veins stronger. 

D Wings lying fiat over the back when at rest, metanoturn 
short and mthout a longitudinal groove; femora sometuncs 

swollen (Bitmg Midges) Ceratopogomdae 

DD Wingslyingroof-likeoverthcbackwhenatrest, metanotum 
-- long and with a median longitudinal groove, legs long and 

slender . (Midges) Chtronotnidae 

Suborder Braehyeera 

A. Third antenn.sl joint annuJated; ansta absent 

(Horseflies, Dcerflies) Tabanidae 
* ClaaaifieatioD adapted from Cucran (loc cit ). 


136 


MEDICAL ENTOMOLOGY 


AA Third antennal joint not annulated, but if annulated with extremely long 
flagellum with terminal arista; squamae vestigial; normally shaped 
flies (Snipe Flies) Rhagionidae (Leptidae) 

Suborder Cydorrhapha 

A. Anal cell closed very close to the wing margin; a spurious vein running 
obliquely between the third and fourth lon^tudmal veins 

(Flower Flies) S>Tphi(iae 

AA. Anal cell usually shorter; no spunous vein. 

B. Second antennal segment with a longitudinal seam along the upper 
outer edge extending almost the whole length; posterior calli 
definitely formed by a depression extending from behind the 
base of the wings to above the base of the scutellum 

(Calypteratae: Muscoidea) 

C. Metascutellum developed, appearing as a strong coave.xity below 
the scutellum; hypopleura (meron of Snodgrass) wrth strong 

bristles (Tachina Flies) Tachimdae 

CC. Metascutellum weak or absent, or if developed there is only hair 
on the hypopleura 

D. Oral opening and mouth parts very small; hypopleura with 
abundant long hair. 

E. Scutellum extending far beyond the bajse of the roeta- 
notum; metascutellum never develojted 

(Robust Botflies) Cuteret^ridae (Oestridae) 
EE Scutellum very short; metascutellun A usually strongly 
developed; palpi usually large. .(I^tflies) O^tidae 
DD. Oral opening normal; hypopleura with sA row of bristles or 
only short sparse hair. v, 

E. Hypopleura with a row of bristles^^ 

F. Apical cell strongly narrowed] apically 

(Fles'^J ^ flies) Jletopudae 
FF. Apical cell not at all narrovY* cpd apkally , 

' Musridaet 

EE Hypopleura with fine, short hmj^^ 

BB. Second antennal segment rarely with a develops dorsal scan, 

calli not 'differentiated (o in GasterophSw' 


y ^fexcept 


the postfenor calli 
squamae small (AcaljTjtratal ^ 

C. Mouth parts vestigial, euiu' 

(Horse A 

CC. Mouth parts well developi' 
triangle large; fifth vein ^ 
middle of the discal cell. . (r 
• Includes the Sarcophagidae, part of the Tig 

t Includes the Scatopbagidae {CordyluridaelJjjjjy^ ni>'idaYg ^nd those Muscid*® 
(of the Williston Manual) lacking hj-popfeural b. 


wj opening large. OceUa 

fisti^^ct curvature nwr 
; t3|tjoropidae (Oscinidae) 

j 1 Muscidae of 11 
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rAMlLY SlMUUm4E 
{Bujlalo GnaU — Black Flies) 

Characteristics. — The family Simuliidae includes the insects cora- 
ruoaly known as buffalo gnats, black flies, and turkey gnats. They are 
small (1 to 5 mm. long) blood-sucking flies, with bladclike piercing 
mouth parts ia the female, but more or less rudimentary in the male. The 
thorax presents a strong development of the scutum and reduction of pre- 
scutum resulting in a prominent hump. The antennae are ten- to eleven- 
jointed, the eyes of the female are distinctly separated (close together 



Fw, J9. — A buffalo gnat, SuiimuUum ptcaarvm. (Redrawn after Garnian ) 

and prominent in the male, i.e., holoptic), ocelli absent, palpi four- 
jointed, wings* broad and iridescent, with distinct alulae, the vena- 
tion being characterized by a strong development of the costal veins 
(Fig. 59). 

Life history. — ^Buffalo gnats often occur in enormous swarms in cer- 
tain localities during late spring and early summer, causing great annoy- 
ance to livestock and human beings. They are particularly abundant in 
the north temperate zone and subarcUc zones. 

Although running water is favored as a breeding place, such as shal- 
low mountain creeks, the gnats may also breed in roadside ditches of 
more slowly moving water. The gnats may be found in abundance a 
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mile or two from water, probably in search of food. The eggs to the 
number of 350 to 450 per female are deposited in masses at the water 
surface of aquatic plants, logs, and water-splashed rocks. Comstock 
says he has often watched the gnate hovering over the brink of a fall 
where there was a thin sheet of swiftly flowing water, and has seen them 
dart into the water, and out again. At such times he has always found 
the surface of the rock more or less thickly coated with eggs, and has no 
doubt that an egg is fastened to the rock each time a fly darts into the 
water. The shiny eggs are at first creamy white, changing to almost 
black. 

The time required for hatching is from 5 to 30 days, depending on 
temperature and motion of water. In running water at a temperature of 
20® to 22° C. the incubation period is four to five days.^ The newly 
emerged larvae attach themselves to submerged'objects, such as stones, 
logs, etc., by means of silken threads. Movement from place to place is 
gained by shifting their anchorage. In some favorable location, such as 
the riffles on the downstream side of an old log partially damming a little 
stream, there may be thousands of these tiny spindle-shaped larvae. 
The larvae as well as the pupae being provided with gill filaments usually 
remain submerged. The larval period of some species is said to require 
but three to five weeks. The food of the larvae consists of small Crustacea, 
protozoa and algae. The larval period for Simulium omatum Meigen is 
given by Smart < at 7 to 10 weeks when temperatures in the stream ranged 
between 9« to 16.5° C. 

The pupal period is quite short in some species, requiring not over five 
or six days, while others evidently require nearly a month. It is also 
true that temperature influences this stage, i.e., cooler weather retards 
the emergence of adults. Smart gives the pupal period for S. omatum 
Meig. as 3.75 days at a constant temperature of 21° C. In some species 
there is continual breeding from early spring to late autumn with over- 
lapping generations; in others there is evidently one sudden brood com- 
ing fairly early in the spring with stragglers following. They overwinter 
in either the larval or egg stage. 

Larvae. — ^The brown to whitish larvae are cylindrical, twelve- 
segmented, slightly thinner in the mid-region, and when fully grown are 
from 10 to 15 mm. in length (Fig. 60a) . The posterior end of the body is 
provided with a toothed disk-like sucker, composed of two modified para- 
podia. The anterior proleg is also modified into a prehensile toothed disk. 
By means of these organs the larvae move from place to place with a 
looping motion. The larvae are attached to rocks or other supports in 
the water by means of the posterior sucker, the hooks of which they insert 
into the network of silken threads produced by secretions from the 
salivary glands with which they have covered the substratum. The 
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larvae may hang from threads produced in similar fashion or travel 
along their length. 

Although the larvae are provided with a well-developed tracheal sys- 
tem, and nine pairs of spiracles may be observed, these are notopen, and 
respiration is carried on by means of gills recognised as branched re- 
tractile structures located dorsally on the last abdominal segment. The 
fan-shaped filamentous stmetures located on the head are for the pur- 
pose of creating a current by means of which food is drawn to the mouth. 

Pupae. — "l^en the larvae are ready to pupate, each spins a crude 
pocket-like cocoon open at the upper end. The pupae are provided with 
respiratory filaments attached anteriorly to the dorsal portion of the 
thorax. The filaments are often quite 
numerous and because of their con- 
stancy in number in a given species are 
of diagnostic value (Fig. 60b). 

Classification. — The family Simuli- 
idae is divided into four genera accord- 
ing to Dyar and Shannon,® vir.:— the 
three genera with the radius setose on 
its entire length: (1) Parasimulium 
ndth the radius joining the costa at the 
middle of the costal vein, radial sector 
forked, antennae ten-jointed; (2) Pro- 
simuUum with radius joining the costal 
vein far beyond its middle, radial sector 
with a long fork, second hind tarsus 
without dorsal incision, front usually 
broad; (3) Eusimultum, radius also 
joining the costal vein far beyond its 
middle, but radial sector simple, and latter removed from 

hind basitareus produced or not pro- 
duced apically, and second hind tarsus 

with or without dorsal incision and less than twice the width of the basi- 
tarsus, front narrowed ; (4) SimuHum, radius bare between the stem vein 
and base of the radial sector, radial sector simple, hind basitarsus pro- 
duced apically, the second hind tarsus with dorsal incision and less than 
twice the width of the basitarsus. 

The bite. — There is perhaps no other insect of equal size that can 
inflict so painful a bite as can the buffalo gnat The mouth parts are of 
the dipteron type (similar to horeefly) , consisting of six bladelike lancets. 

Human beings as well as domesticatedanimals are viciously attacked. 
The eyes, ears, nostrils, wrists and all exposed parte of the body are sub- 
j'cet to attack. The extreme pain and the resultant focal swelling, and 



a b 

Fm. 60. — ( 9 ) Larva and (8) pupa 
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occasional complications, indicate the presence of an active venom. 
Losses due to the bite of this fly are estimated variously by stockmen. 
Myriads of these gnats appear after the spring floods of the Mississippi 
River and its tributaries. Horses, mules and cattle arc often killed in a 
few hours by the venomous biles and loss of blood. This sudden appear- 
ance of the gnats is explained by the large accumulation of eggs that have 
been washed into this area during floods. These eggs do not hatch until 
the next flood causes movement of the water which when flowing and 
well aerated causes the larvae to hatch and develop rapidly. 

Relation to disease. — Owing to the intermittent bloodsucking habits 
of the buffalo gnats, it has long been suspected that they might play a 
role in the transmission of disease. 

Since the rather startling report of Dr. Louis W. Sambon ® in 1910, 
ascribing the transmission of pellagra to a buffalo gnat, the study of the 
Simuliidac with regard to disease transmission has taken on new im- 
petus. The gnats, however, have evidently no relation to this disease. 
Pellagra has been carefully studied by the United States Public Health 
Service, and in the Public Health Reports of October 23, 1914, Gold- 
berger states that pellagra is neither infectious nor contagious, that it is 
essentially of dietary origin, dependent on some yet undetermined fault 
in diet, and that the disease docs not develop in those who consume a 
mixed, well-balanced and varied diet. 

Onchocerciasis. — Onchocerciasis, a disease of natives of certain por- 
tions of Africa, Mexico and Central America, is caused by filarial worms, 
Onchocerca volvulus (Leuckart), measuring from 35 to 50 era. in length 
in the female, less in the male, which require black gnats as intermediate 
hosts. These worms occur in conspicuous nodular tumors located pri- 
marily on the trunk, shoulders and head. Several adult worms and 
numerous larvae (produced viviparously) usually occur in each tumor. 
Serious involvemenfs of the eye often resulting in complete blindness 
occur in many cases evidently due to migration of the lar\’ae. Strong 
points out that from a clinical standpoint the association of ocular d^- 
turbances with the disease is emphasized by the high percentage of fail* , 
' ing vision and blindness in a locality where at least 95 -per cent of the 
populations are infected with the parasite and have demonstrable 
nodules. The student should particularly consult a treatise on ocular 
onchocerciasis by Hisette.^ 

Blacklock,® working in Sierra Leone, has shown that when the larvae 
are taken up with the bite of Simulvum flies, they migrate from the fly s 
stomach, finding lodgment in the thoracic muscles where further develop- 
ment takes place and then travel to the head and finally the labial struc- 
tures of the fly, where escape is made when the fly bites and infection of 
the humdn being is accomplished. The species of fly observed in these 
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experiments u’as Shnulium damnosum Theob., a widely distributed black 
gnat of tropical Africa. Bequaert*** points out that of 57 species of 
Sirauliidae described from tlio EUiiopian region, five only arc definitely 
reported as biting people, but all must be looked upon with suspicion as 
possible carriers of onchocerciasis, although S. damnosum Theob. and 
S. neavei Roubaud are the only ones positively incriminated. 

Strong investigated the disease in Guatemala, where he reports it 
is characterized by the formation of nodular tumors situated on or in the 
region of the head. He reports three species of black gnats as vectors, 
namely EusimuUum avidum Hoffman, Eusimulium ochraceum Walker 
and (probably) Susimultum mooseri Dampf Tlie last two species are 
reported as being vectors in the states of Oaxaca and Chiapas, Mexico, 
by Dampf.^2 

Bovine onchocerciasis. — It has been pointed out by Steward ** that 
bovine onchocerciasis is of considerable economic importance in Aus- 
tralia, that the "worm nodules" due to Onchocerca gibsoni Cleland and 
Johnston cause losses to the state of Queensland estimated at £500,000 
per annum. The work done by Steward in England with Oncho- 
cerca gutturosa Neumann proved that this latter parasite is transmitted 
by Simulium omatum Meigen. He showed that the filariae are conveyed 
from the skin of the cow by the bite of the fly to the mid-gut of the 
inscot, where development coraraenccs. About 10 days after ingestion 
they have reached the "sausage" stage in the thoracic muscles, and 
by the nineteenth to twenty-second day they migrate forward to the 
head ready for emergence from the proboscis when the gnat feeds 
again. 

Leucocytozoon infections of poultry. — ^The name Leucocytozoon 
was given to certain Sporozoa found in the blood of birds by Danilewsky 
in 1890, and in 1895 Theobald Smith discovered a Leucocytozoon in the 
blood of turkeys; this parasite was named Leucocytozoon smithi by 
Volkmar. In 1932 Skidmore,** working in Nebraska, reported the suc- 
cessful transmission of this parasite by Simulium occidentale Town. In 
1938, Johnson et al.*® reported transmission through the agency of Simu- 
Imw niproporvym (Twinn) . Johnson and his associates state that when 
taken into the stomach of the fly gametes are formed, macrogaraetes 
being clearly observable as well as the zygote 

An important infection of both domestic and wild ducks caused by 
the protozoon parasite, Leucocytozoon anatiz Wickware (1915), occurs 
in Michigan according to O’Roke who proved that the disease is trans- 
mitted by the black fly, Simulium venustum Say. The development of 
the organism within the body of the gnat is cyclico-propagative, re- 
sembling closely the life cycle of the plosmodium of malaria in the 
,anophelinc mosquito, O’Roke states that tlie a-'exual cycle in the duck 
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requires ten days and the sexual cycle in the gnat not more than five 
days, with field evidence that it may be as short as two days or Jess. 

Common species. — Only one species is given under the genus Para- 
simulium by Dyar and Shannon, namely P. furcatum Malloch from' 
Humboldt County, California. I^osimuUum fulvum Coq. is a widely 
distributed species in the mountainous regions of the west and along the 
Pacific coast from Alaska to California ; P. hirtipes (Fries) is said to be 
confined to the region east of the Mississippi and north of the Carolinas- 
It rarely attacks man, according to Dyar and Shannon, though it is 
known on occasion to bite rather severely; it is not considered an impor- 
tant pest of livestock. 

Eusimulium pecuarum (Rtlcy) b known as the southern buffalo gnat 
and is a great scourge of livestock ns well as of man in the Mississippi 
Valley. During the height of the gnat season in the early spring, work on 
plantations is often greatly handicapped because of the annoyance to 
work animals. E. minus D. and S. is a widely distributed western and 
Pacific coast species with the type locality indicated as Yosemite. It 
resembles the buffalo gnat but is smaller and darker. 

Simultum piclipes Hagen occurs in the eastern United States. It is 
said to be an inoffensive species. Simulium vittatum Zetterstedt is wide- 
spread throughout North America and is a common species in Europe. It 
attacks man and livestock freely. Simulmm occidentale Townsend 
(Simulium meridionale Malloch), kno^m as the turkey gnat, is also a 
common and widespread species throughoutNorth America, but particu- 
larly in the southern states where it appears in late spring following the 
buffalo gnat. It attacks poultry, biting the combs and wattles, and is 
said to cause symptoms similar to “cholera,” hence the name “cholera 
gnat.” Simulium venustum Say is the black fly. It is one of the most 
anno3ring and widespread species. It torments fishermen and campers 
in New England and Canada. The gnats occur in the greatest numbers 
during June and July. Simulium columbaezense (Schiner) is the famous 
Columbaez gnat of middle and southern Europe. Patton and Evans 
(page 193) , citing Ciurea and Dinulescu, report that in 1923 two immense 
swarms of this fly invaded southwest Roumania in May, June and July, 
causing the death of 16,474 domestic animals, including cattle, horses, 
pigs, sheep and goats. Large numbers of deer, foxes and hares as well 
as other wild animals were killed at the same time, according to these 
authors. 

Black-gnat control. — ^Knowing the breeding habits of black gnats, it 
will be appreciated that control is a difficult task. There is indeed no 
practical Method of control. The writer has repeatedly recommended tha 
streams in^hich these insects are breeding should be kept as free from 
debris as p^sible, including submerged roots and dipping branches o 
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overhanging trees. It is possible to do this in the immediate vicinity of 
communities, but prevailing winds may nevertheless bring swarms of 
gnats from a distance. The removal of debris from Btresms lessens the 
opportunity for them to deposit their eggs. Old logs lying crosswise of 
a stream are a particular menace because shallow waterfalls are thus 
usually produced, and afford ideal breeding places for the gnats. The 
fact that the larvae tend to congregate in masses in the swifter parts of 
streams in which they are breeding makes it possible to remove them 
in quantities when once located, 

Domesticated animals may be well greased with ointments contain- 
ing fish oil. The XJ. S. Department of Agriculture recommends an emul- 
sion made of one pound of fish oil soap, three quarts of fresh cylinder 
oil, one gallon of water, and one gallon of kerosene*eA:lfact of pyrethrum. 
The water and soap are heated to near boiling and then stirred vigorously 
while the mixture of kerosene extract and cylinder oil is slowly poured in. 
While many repellents are on the market, few are of any benefit and prac- 
tically none affords absolute relief. Smudges act as good repellents, also 
oil of citronella applied to the hands and face. The following formula is 
recommended: castor oil 1 oz., pennyroyal % oz., citronella ^ or., cam- 
phor % or., pine tar ^ or. 

Familv Pstchodidab 
{Moth Flies-^Sand Flies) 

Family Psychodidae.— The family includes tiny gnats known as owl 
midges, moth flies, or sand flies The ovate, usually pointed wings, and 
body are densely covered with hairs, whence the name moth flies; in the 
Psychoda flies, the wings when at rest fie roof-hke over the abdomen. 
Because of the faint transverse venation the wings appear to have only 
longitudinal veins. The antennae are usually fairly long and from 
tw’elve- to fiixteen-segmented. 

The family may be divided into two subfamilies, (1) Psychodinae, 
non-bloodsucking, in which the wings ore held roo/-like over the body; 
and (2) Phlebotominse, females bloodsucking, in which the w'ings arc 
held at an angle of about 45 degrees. 

Psychoda flies. — Several species of Psychoda are commonly found in 
great numbers about sewage disposal plants, cesspools, and occasionally 
about wash basins in bathrooms where the larvae may develop ia sink 
drains in spite of hot water and soap- A common Pacific coast species 
is Psychoda pacifica Kincaid, brown in color, measuring from 2 to 23 
mm. in length. Although the flies of this genus are noa-bloodsucking, 
they may breed in such numbers in the filter beds of sewage disposal 
plants, as the author has personally observed, as to constitute a real 
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annoyance to neighboring households. The life history of- these flies is 
quite short, averaging about two Treeks, 

Phlebotomus flies. — The genus Phlebotomus, commonly known as 
sand flies {Fig. 61 ) , includes a number of species of small size measuring 
from 3 to 5 mm in length; the females are bloodsucking. 

The habits of the Phlebotomus flies arc described by several authors, 
among them Townsend,^® who says that the tiny bloodsucking gnats 

‘'avoid wind and sun and full daylight Tliey appear only after sunset, and only 
then m the absence of wind. They enter dwellings if not too brightly lighted, 
but arc not natural frequenters of human liabitations. They breed in caves, rock 



Fig 01 — PliK'botoiniw or Kind fly (male, left; female, right) X 8 


interstices, stone embankments, walls, even in excavated rock and earth mate- 
rials. . . . Tliey hide by day in similar places or in shelter of rank vegetation 
Deep canyons, free from wind and dimly lighted, are especially adapted to tnem 
Thick vegetation protects them from what wind there is by day or night. . . • 
The flies suck the blood of almost any warm-blooded animal, and even that o 
hrards in at least one known case Thus they are quite independent of m^m, an 
this accords with the verruga reservoir being located in the native fauna. 

The eggs are deposited in dark, moist though not w’et crevices m 
caves, embankments, walls, etc., in batches of about 50. The incubation 
period is said to be from 9 to 12 days (Whittingham and Rook).^® The 
larvae have long anal spines, the mouth parts are mandibulate; they fee 
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on organic debris, mainly excremcnlous matter, and after four molts 
form a naked pupa. The entire life history requires from six to cigld 
weeks, and even a month in warmer climates. 

Verruga peruviana, also known as Carrion's disease or Oroya fever, 
is a disease confined to South America (Peru, Ecuador, Bolivia and 
Chile) and is found on the' western slopes of the Andes in certain narrow 
canyons at an altitude of from 3,000 to 10,000 feet. The disease in its 
initial symptoms is characterized “by a fever lasting from fifteen to 
thirty days, profound anemia, prostration and a high mortality. If the 
patient does not die in this stage, the fever begms to abate and the erup- 
tive or verruga stage commences.” The causative organism is the so- 
called X-body or Bartonia body, Bartonella bacilliformis Strong 

Tomisend reported having infected a hairless dog, Canis caratbxcus 
(Lesson) , by injecting subcutaneously in the right shoulder of the animal 
a serum containing the triturated bodies of 20 female Phlehotomus verru- 
carum Townsend collected at random in a verruga canyon. The incuba- 
tion period was said to have been eix days when the typical eruption 
began to appear. The same author*' reports a human case which he 
believes to have resulted from the bites of Pklebotomus flies. Although 
the Verruga Expedition Report ” does not consider Townsend’s evidence 
as conclusive, the latter again presents his arguments in favor of the 
Pklebotomus fly theory in a paper published in the Amencan Journal of 
Tropical Diseases and Preventive Medicine, July, 1915 (pp. lb-32), 
Townsend’s work has since been substantially confirmed by Noguchi, 
Shannon, et al. (1929) who added another vector, namely Pklebotomus 
noguchii Shannon, 

Pappatac: fever. — Pappataci fever, also known as three-day fever, 
sand-fly and phlebotomus fever, is a dengue-like disease of sudden 
onset, the attacks of fever lasting two or three days. It occurs mainly 
on the islands and coastal areas of the Mediterranean, parts of Austria, 
Hungary, South China, Ceylon and India. The causative agent is 
unknown. 

After inoculation by a Phlebotomus fly there is an incubation period 
of about seven days giving rise to the active sjmiptonis, and a brief period 
of probably not over 24 hours during which the patient’s blood is infec- 
tious. It is only during this brief period that the flies can become infected, 
and the incubation period in the insect is apparently from 7 to 10 days. 
The vector is Phlebotomus papa/astVScopoli, and probably other species. 

Kala azar. — Kala azar or dumdum fever is a leishmaniasis trace- 
able to Leishmania donovani (Laveran and Mesnil). It occurs endemi- 
cally in the Mediterranean coastal area, in Iraq, North China, 
India, southern Russia and other parte of the world. It results in enor- 
mously enlarged spleens and other serious envolvemcnts (see Craig and 
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Faust, Clinical Parasitology, 1937). It is regarded as a frequently fatal 
disease resulting in death within a few weeks in acute infections and in 
from two to three years in chronic cases. Various species of bloodsucking 
arthropods have been suspected from time to time as being vectors, 
among these the Indian bedbug, Cimez hemipterus (Fabr.), with which 
Patton (1907) worked with some degree of success (see Chapter VIII). 
The low susceptibility of laboratory animals made progress difficult, but 
with the discovery that hamsters were highly susceptible to the infection 
more rapid progress was made in the laboratory phase of the investiga' 
tion. Patton and Hindle (1927) , as well as Young and Hertig and 
Napier, Knowles and Smith before them (1925) , observed that the Leish- 
mania bodies underwent development in the intestinal tract of Phle- 
botomus flies after being ingested. Flagellation is said to take place in 
the mid-intiCstine. The cycle in the gnat is completed in from four to five 
days. Evidence of infection by the insect is very meagre though Shortt 
and Smith, et al.,^® 1931, report successful transmission by the bite of 
Pklebotomus argentipes Annandale and Brunetli, believed to be the In- 
dian vector. Other species, notably Pklebotomus ckinensis Patton and 
Hindle in China, and P. sergenti Parrot in northern Africa, are believed 
to be vectors. 

Transmission by the bite of the fly is doubted by Southwell and 
Kirshner.27 These investigators point out that the bite of the sand fly 
causes an irritation and the person bitten scratches the bite, thus crush- 
ing and killing the infected insect. The leptomonads, the infective forms, 
do not invade the mouth parts in either P. oTgentipes A. and B. or P> 
chinemis P. and H. Thus infection by the bite is believed to be unlikely, 
though infection as the result of crushing infected flies on the skin 
appeare to be possible. 

Oriental sore. — Oriental sore is a cutaneous leishmaniasis caused by 
Leishmania tropica (Wright) ; it has a wide distribution in Mediter- 
ranean areas, Palestine, Arabia, Asia Minor, Iraq, India, French Congo 
and other parts of the world. It is not necessarily coextensive with 
kala azar. In oriental sore the leishmanias inhabit the skin and do 
not invade the viscera. In a eeries of papers by Adler and Theo- 
dor, evidence is advanced to incriminate Phlebotomtis papatasii Sco- 
poll. These workers found a cyclical development of the Leiskmama m 
the fly requiring from 8 to 21 days. Infection of a human was accoro- 
plished by rubbing the infected mid-gut of the insect into the scarified 
skin, and flies were reinfected successfully from the sore thus produced. 
Infection by the bite did not occur. 

Other species of Phlebotomus . — Pklebotomus vexator Coq. has been 
described from the United States; P. queenslandi Hill, P. brevifilis Ton- 
noir, and P. englishi Tonnoir are listed from Australia. 
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Control. — Marett suggests the following prophylactic measures, 
viz.; Facing of walls, the removal of heaps of stones and the blocking 
of all holes which might serve as shelter places for the flies; also covering 
the ventilators with fine-meshed wire gauze, and the cleaning of all 
rough ground from weeds, so that all holes may be discovered and filled 
up with beaten earth. The encouragement of gardening on such grounds 
is, he thinks, also desirable. Large embankments should be planted with 
native aromatic plants such as thyme, pennsroyal, etc., and kept well 
earthed. 

Fa.MILY CERATOPOOONroAC 

{Biting Midges — Punkies) 

Characteristics. — ^The Ceratopogonidac are very small, slender, 
bloodsuckbg gnats (males do not bite) resembling the non-biting midges 
belonging to the family Chiro- 
nomidae, to which family they 
are commonly ascribed. In 
their biting habits they re- 
semble the black flies (Simuli- 
idae) and are frequently mis- 
taken for them. Among the 
twenty or more genera com- 
prising the family, three will 
serve the purpose of this sec- 
tion, namely CuUcoides (Fig. 

62); Ceratopogon, and Lepto- 
conops, commonly known as 
“punkies,” “no-see-ums” o r 
“sand flies.” They measure 
from 1 to 3 mm. in length. The 
larvae are aquatic or semi- 
aquatic. A key to the North American Cubcotdes numbering thirty 
species is given by Root and Hoffman.*® 

CuUcoides canithorax Hoffm., C. melleus Coq., and C. dovei Hall 
constitute a serious economic problem in the summer resort areas of the 
Atlantic coast, particularly about fresh-water inlets and tide-water 
pools where these midges are roost numerous, Pove, Hail and Hull *’ 
report that the larvae are found in decaying humus of the densely shaded 
areas at the edges of the grass marshes of the upper Atlantic coast. The 
period required for development appears to last froax 6 to 12 months 
according to these authors. 

The larvae and pupae of CuUcoides guttipennis Coq. have been taken 
from trccholes of the live oak in Mississippi (Hinman) ** 



Fio eZ — F«in«le CtiUeoidei sp., ft vector 
of Onchocerca volvnluf to Mexico. (After 
Datnpf) 
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Ccratopogon stelUfer Coq. is reported to be a severe biter in Arizona 
and New Mexico. 

Loptoconops torrens Townsend and J>. kerteszi Kieff. constitute a 
serious pest in the territory adjacent to the rivers in the lower Sacramento 
and northern San Joaquin valleys in California. Freeborn and Zim- 
merman®^ describe this as follows: 

“Certain areas locally known as 'black alkali’ locations seemed to form the 
foci from which these pests were blown by winds over wnde areas, constituting 
such a pest in some seasons that agricultural field work was brought to a stand- 
still and even town dwellers were driven indoors until nightfall. The bites are 
extremely irritating, causing nodular, inflamed swellings that itch persistently 
for several days or even weeks. In some individuals, particularly those inclined 
to be stout, the swellings caused by The bite become vesicular, rupture, and pro- 
duce a moist open lesion that ‘weeps' a serous exudate for weeks, finally healing 
with a definite red scar. The insects insinuate themselves beneath the clothing 
and apparently prefer to bite at some point where their progress is impeded, 
such as around the hat band, at the belt line, or where the sleeves are closely 
rolled against the arms, and at the shoe tops. The usual repellents that are 
effective against mosquitoes arc of little use against these insects, the only 
casualties noted being the ones that were actually trapped or drowned in the 
oily applications used “ 

Culfcoides austeni Carter, Ingram and Macfie has been reported by 
Sharp as an intermediary host of Acanthocheilonema perstans (Man- 
son) [Dipetalonema Persians (Manson)]. The embryos of this worm 
are found in the peripheral circulation both by day and by night. Sharp 
has observed that diurnal periodicity is the more common. In the vast 
majority of cases it is said to be non-pathogenic. It is primarily equa- 
torial and African in distribution, though it occurs also in British Guiana 
and in New Guinea Sharp has shown that the microfilariae undergo 
metamorphosis in the body of Culicoidcs austeni Carter, Ingrain and 
Macfie, increasing to three times their original length before they appear 
in the proboscis of the insect. The cycle in the fly requires seven to nine 
days. Sharp states that it is probable that Culicoides gfraftami Austen 
will also prove to be a natural carrier. Buckley found that Cxilicoides 
ficrens Poey transmits the filarial worm, Mansonella ozzordi (Manson), 
in the Antilles, and Dampf points out that this species of gnat is widely 
distributed along the coast of the Gulf of Mexico and the Caribbean 
Sea. 

Control. — Because of the variety of breeding places involved, it 
becomes necessary first of all to determine these for the species giving 
trouble. Some species breed in salt marshes in which case dikes, tide 
gates and other salt-marsh control devices must be applied ; other species 
breed in mud and plant debris along the margins of fresh-water streams 
or ponds, in which case removal of vegetation, channelization and fining 
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in low ground will be helpful j still other species breed in holes in shade 
trees, in which case holes should be treated with creosote or otherwise 
made unfa%'orablc for breeding. 

Sand flies may be excluded from the house, according to the United 
States Bureau of Entomologj' and Plant Quarantine, by applying a mi-v- 
ture of 1 part pyrethrum extract concentrate (20 to 1) and 20 parts 
lubricating oil (SA.E 5) , by means of a brush or rag to window screens. 
This mixture, it is reported, will exclude the gnats from the house for 
24 to 48 hours. 



Fic 63. — A male mtdge (CbiroBomi<!ae). commonly miaULen for a mos^imto (After 
Osborn) X 12 

Famiuy Cjhroxomio^e 
{Midges) 

Family Chironomidae. — ^Although the midges are commonly mis- 
taken for mosquitoes tiiey bear hltle resemblance to them on closer ex- 
nniination. In the midges the proboscis is short and not adapted for, 
piercing, the palpi arc three- or four-jointed, the wings are b-ire or 
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haired. The antennae are plumose in the males and sparsely haired in 
the female (Fig. 63). Midges arc widely distributed and may often be 
extremely abundant in the vicinity of standing water, since the larvae are 
aquatic. Occasionally great swarms of these, insects hover in the air 
toward evening and produce a distinct humming sound. They are 
attracted to light in great ntimbcra. The family is a very large one, com- 
prising nearly 2,000 species. 

Many of the larvae arc red in color, hence the name “blood worm.” 
The larvae are worm-like (Fig. 04) and move by creeping or looping, 
they have a closed (apneustic) respiratory system and need not come to 
the surface for air as do mosquito larvae. Most species are bottom 
feeders and scovengers in habit. While occurring 
most abundantly in shallow shore water ^rith vege- 
tation such as reeds and tule, they have been taken 
at great depths from the bottom of lakes; some 
species breed in swiftly flowing water. 

Burrill*’ in a very interesting paper on the , 
swarming of midges states that under the conditions 
observed they awarm an hour or two in the early 
rooming sunlight, then mostly stop flying and rest 
on such objects as grass, the underside of tree leaves, 
tree trunks and porch screens. They may fly 
throughout a cloudy day. He also observed a late 
summer swarm of CkiTonomw plumosus Burrill fly 
imtil after midnight. 



FIO. 64. — Larva FAMILY PlXlDAE 

(left) and pupa . 

(right) of a chirono* ^ {DlXO Mldgss) 

mid gnat (midge). , • ,1. / jJv 

(Larva redrawn Dixa mtdges ore usuolly placed m the lamuy 
tnpl f“t” r Culicidae (mosquitoes) and are designated as a sub- 

Qrunberg.) family, Dixinac; however, for the purposes of this 

work they are separated from the mosquitoes. They 
resemble mosquitoes in wing venation but are almost devoid of hairs and 
scales, and the proboscis while somewhat proj ecting is not fitted for pierc- 
ing. This family is mentioned here particularly because the larvae are 
frequently mistaken for those of Anopheles, being commonly found m 
similar situations and also because the adulta resemble and are related 
to the true mosquitoes. Dixa larvae are usually seen at the surface 0 
water among vegetation and debris moving in a horizontal U-shaped 
position. The student is referred to the work of 0. A. Johannsen, “Nor 
American Dixidae” in Psyche, vol. xxx (1923), pp. 52-58. 
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Family Chaoboridae 
{Chaoborid gnats) 

Family Chaoboridae. — This famfly is usually regarded as a sub- 
family {Chaoborinac) of the Culicidae, mosquitoes, but for the purpose 
at least of this book the less commonly recognized family rank is used. 
They are non-bloodsucking and the gill-breathing larvae which live in 
deeper water are almost transparent and are seen with some difficulty, 
except when in motion, even in fairly clear water, hence the name "phan- 
tom larvae." The tiny lead-colored cigar-shaped eggs are deposited in 



Fio. 85. — cbsoborid gnst, Chadorit lamtrU Top left, female gnat, top right, 
eggs; lo'irer left, pupa; Icm-er nght. male gnat; middle figurp, larra 

great numbers on the surface of still water such as ponds, lagoons, lakes, 
etc. The eggs soon sink to the bottom The incubation period is less than 
24 hours. The larvae grow slowly during the summer, reaching approx- 
imately full growth by winter, remaining thus through the winter, and 
pupating in the early spring The pupal stage requires about two weeks. 
The pupae quickly come to the surface where the gnats literally "pop” out 
of the pupal skins, balance on the water momentarily and then fiy shore- 
ward. Chaoborus lacustris Freeborn (Fig 65) on which the above life 
history is based is a distinct nuisance along the shores of Clear Lake, 
California.*’ 
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Family Chloropidae 
[Hippelates flies — Eye gnats) 

Hippelates flies. — These flics nrc merabcrs of the family Chloropidae 
(Oscinidac) , commonly known as frit flies. Unlike the foregoing gnats 
discussed in this chapter, all Nematoccra, the Chloropidae have short 
aristatc antennae. The members of the genus Hippelates Sabrosky (hind 
tibiae with a distinct, curved, shining black, apical or subapical spur), 
arc as a rule vciy small flics frequently called “eye gnats” or “eye flies” 
because they have a liking for lachrymal secretions, also sebaceous 
secretions, pus, and blood. They arc extraordinarily persistent and if 
brushed away will quickly return to continue engorging themselves. They 
are non-biting; however, the labellum is provided with spines which 
apparently act as cutting inslrumenU capable of producing minute 
multiple incisions, likely to assist pathogenic organisms carried by the 
insects in gaining a foothold (Graham-Smith*®). The flies are easily 
mistaken for the vinegar fly, Drosophila. The larvae of most of the 
Chloropidae live in grass and other plants (stem maggots) ; however, 
those of the genus Hippelates develop in a wide variety of material such 
as decaying vegetable and animal matter, and excrement of various 
animals. 

The author is aware of the need for taxonomic work and reidsion in 
this group; already Sabrosky and Kumm who arc giving much inde- 
pendent attention to the subject have made new combinations, the 
former referring a species of Siphonella (S. circumdata Becker) to the 
genus Hippelates, indicating the uncertainty of perhaps some of the 
species mentioned in the next section. 

Relation to conjunctivitis . — SiphvncuUna funicola de Meyere is 
known as the “eye-fly” of India, Ceylon and Java and is believed to be 
responsible for the spreading of conjunctivitis in these countries. Roy 
1928 gives a chart which shows that the seasonal prevalence of this fly 
in Assam coincides closely with epidemic conjunctivitis. 

Hippelates flies have long been looked upon with suspicion in certain 
parts of the southern United States in relation to a form of conjunctivitis 
commonly referred to as “sore eye,” “pink eye,” etc. A brief considera- 
tion of this matter is to be found in the Proceedings of the Entomologica 
Society of Washington, vol. iii, pp. 178-180 — a meeting held October 
11, 1894, at which E. A. Schwarz presented certain notes on HipP^lof®* 
pusio Loew in the Southern States. He stated that it was particular y 
abundant in Florida and annoying to man and animals, and that it is 
attracted to eyes and to the natural openings of the body as well as 
infected wounds. In this note as well as in a longer article in Insect Life 
for July, 1895, Schwarz throws much suspicion on Hippelates flies as 
vectors of “sore eye.” 
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For a number of years, at least since 1912, there have been numerous 
cases of catarrhal conjunctivitis apparently of the follicular type in the 
Coachella Valley of California where a veritable pest of HippeJates Hies 
flourishes in season. Nowhere else in California are there such enormous 
numbers of these flies and nowhere else in the state do os many cases of 
so-called "pink eye" exist. We have published several papers dealing with 
this subject. (See Herms, Joum. Econ. Ent., vol. 10, no. 5, pp. 692-695, 
and ibid., vol. 21, no. 5, pp. 690-693; also Herms and Burgess, ibid., vol. 
23, no. 3, pp. 600-603.) 

• dealing with "The Oscinidac as Vectors oi Conjunc- 

tivitis has been recently reviewed with great care by Graham-Smith 
(Parasitology, vol. 22, no. 4, pp. 457-467, 1930). This review indicates 
a paucity of experimental evidence but a large amount of circumstantial 
evidence involving Egypt, the West Indies, India, CeyJon, Java and the 
United States. 

The fly was at the time of our Coachella investigations identified as 
aippdates flavipes Loew. In a letter from Dr J M Aldrich dated May 
19, 1927, he writes, "The species which you sent from Coachella Valley, 
Caiiiornia is jmsio Loew. It is the same species which was identified as 
/tovipe8LoewbyMalloch,Proc.U.S.NM,46,1933,p 245 His variety 
^10 on page 240 b a different form. The true fiavipcs of Loew, is the one 
described by Malloch on page 243, as nitidijrons new species, as I have 
ascertained by examining the iypts in the Museum of Comparative Zool- 
ogy at Cambridge, Mass. The earlier literature Is somewhat uncertain 
since the time of the original description, but probably your species is 
he same one that has been referred to as fiavipes when mentioning its 
annoying habits." In the same letter Dr. Aldrich also writes, "In the 
roceedings of the California Academy of Sciences, Vol. 4, 619, Town- 
send described Oscinis collusor from Lower California which he said was 
reported to cause irritation of eyes of travelers and the ‘mal de ojo’ of 
na ives. I examined his types in the Academy shortly before their 
M ruction by fire in the spring of Z906 and found that they belonged to 

e genus Hippelates, and it is quite probable that the species is push." 

e writer has traced the Coachella Valley species through to the Mexi- 
can border at Mexicali. 

Relation to yaws. — As pointed out in the first chapter flies have been 
suspected as vectors of yaws (framboesia tropica) for many years and 
some experimental evidence has been advanced from time to time, how- 
ever, the evidence collected by Kumra " (1935) in Jamaica with Htppe-^ 
ates pallipes Loew is most convincing. Kumm as well as others has 
shown that it is relatively easy to demonstrate motile Treponema per- 
tenue Castellani in the "vomit drops” of eye gnats after they have fed 
on infectious lesions of yaws He found, however, that the spirochaetes 
were presumably digested in the mid-gut and hind-gut of the gnats very 
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soon after they were ingested, Bone being seen after an interval of two 
days. There was no evidence of cyclical development. 

The gnats receive the infection most readily by feeding on available 
primary lesions which exude fresh infected scrum with large numbers of 
Bpirochaetes. Inoculation is effected mechanically, i.e., the unchanged 
spirochactes are deposited in "vomit drops" when infected gnats feed 
on exuding Benim from wounds, excoriated areas or susceptible surfaces. 
The manner in which the gnate receive the infection and their general 
feeding habits arc well described by Kumra, Turner and PeaU* 

Life histoty of Hippelates pusio Loew.— This species has a wide 
distribution in the southern United Slates where the winters are mild. 
The adult flies are present throughout the year in the Coachella Valley 
(California) and arc particularly annoying during two periods, i.e., 



Fm. Egg; Un-a, ehowing eephalo ptaryngeal 

interior B'pie&calfV process; pupa; adalt fly. (After ffenaa and lJnrge««*c<P 
fly which ia redrawn after D. 0 Hall.} 

March, April, May and August, September and October. During June, 
July and early August the gnats are not abundant on account of extreme 
heat, when the daily temperatures range well above 100’ F. During these 
months the adults are noticeable early in the mombg and late in the 
afternoon and then in deep shade such as densely planted shrubbery, m 
date gardens and in the shade of the house. The fluted, distinctly curve 
eggs are about .5 mra. in length (Fig, 66) . They are deposited on decaymg 
organic matter of wide range. The incubation period is about three days. 
The larvae feed on a great variety of decaying organic matter indumng 
excrement, provided the material is rather loose and well aerated, c 
cording to Burgess (verbal communication) the larvae will not 
naturally in closely compacted soil or putrid material, neither will ey 
breed naturally in excrement unless it is mixed with loose earth. ® 
larval atage under optimum cimditions requires about eleven days. 
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larvae may remain in this stage during the -winter. Pupation takes plac^ 
close to the surface of the material in which the larvae develop. The 
pupal stage requires about six days, ^ving a total of about 21 days 'from 
egg to adult fly. Except for overwintering adults, the first flies emerge 
from the pupae of the overwintering larvae during late February and 
early March when the first great wave of flies appears as noted above. 
Experiments performed by Hall show that the larval stage averaged 
about 11.4 days on human excrement, on dog manure 8.7 days, on decay- 
ing oranges about 17 days. Burgess** points out that the majority of 
Hippelates gnats are bred in soil that is (1) light and friable (well 
drained), (2) freshly plowed (i.e., plowed not over three weeks before), 
and (3) contains abundant humus or vegetable matter (cover crops, ma- 
nure) . The control of Hippelates gnats is difficult and involves a combi- 
nation of measures, such as trapping, using finely chopped liver as bait; 
sanitation, removal of garbage, manure piles, refuse heaps, etc., and 
decaying vegetable matter; also cultural methods such as light disking. 
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MOSQUITOES 
Obder Diptera — ^Family Cxjlicidae 
Classification and Biology 

Importance. — Few insects if any can compare vnth the mosquitoes as 
pests of man and his domesticated animals. They are world-wide in dis- 
tribution and great swarms may be produced in very small quantities of 
water, fresh and salt, foul and potable, in tin cans and reservoirs, tree 
holes and great marshes. Man’s progress has often been challenged by 
mosquitoes and parts of the world still remain uninhabited by man 
because of these voracious bloodsuckers. Great areas of seacoast were 
barred by salt marsh mosquitoes until extensive abatement campaips 
transformed these areas into enjoyable eumraer resorts and productive 
industrial and agricultural sections. Real estate values suffer where the 
mosquito pest prevails and losses due to lowered industrial efficiency are 
frequently considerable. Economic losses alone of this nature would no 
doubt justify the enormous sums now spent in mosquito abatement, and 
yet these losses are but slight compared with the prodigious damage done 
by mosquitoes to the public health, as vectors of diseases of such impor- 
tance as malaria, yellow fever and dengue fever. 

Family Culicidae. — ^The Culicidae, aquatic in their immature stages, 
are distinguished from all other nemaloceran Diptera by (1) their char- 
acteristic wing venation (Fig. 58) as outlined by Edwards' as follows, 
subcosta (Sc) long and reaching the costa, radius four-branched, 
Rs+s forked, R 4+8 simple, no cross-vein connection of Ri and Rs, media 
(M) two-branched, cross-veins r-m and m-cu both present, Ax absent or 

very faint; cubitus (Cu) forked, An long and reaching wing-margin ; (2) 

characteristic scales clothing the wings and more or less abimdant on the 

head and body; (3) characteristics of the thorax such as the absence of a 

definite suture between the prescutum and scutum, completely divided 
pronotum. 

Edwards divides the family into three subfamilies, (1) Dbdnae, m 
which the mouth parts are short and not formed for biting, discussed in 
the previous chapter as Dixidae; (2) Chaoborinae, mouth parts short, 
not formed for biting, maxillary palpi always much longer than labium, 
wing scales confined to wing fringe; discussed in the previous chapter as 
158 
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Chaoboridaej (3) CuHcinae, the true mosquitoes, mouth parta elongate, 
formed for piercing, and bloodsucking in the females, though not all 
mosquitoes are bloodsuckers, and the males are non-bloodsuckingj scales 
on wing veins and fringing the margin, also on the legs and body ; fifteen- 
segmented antennae with whorls of hairs which in the males of most 
genera present a plumose appearance. The males of Opifex and Deino- 
cerites do not have plumose antennae. 

The larvae of the Cuheidae according to Edwards are distinguished 
from all other dipterous larvae by the possession of a complete bead cap- 
sule and the presence of only one pair of functional spiracles, situ- 
ated dorsally on the eighth abdominal segment. The larvae of the 
Culicidae are without exception aquatic, although Edwards points out 
that a few species have the power of crawling over short distances out of 
water. 

For the purposes of this work each of the three subfamilies of the 
Culicidae is considered as a family and as here used the family Culicidae 
includes only the true mosquitoes. 

Classification of mosquitoes.—There are over 1,400 (Edwards, Gen- 
era Insectorum) described species of mosquitoes in the world, of which 
about 80 occur in North America.® These species may be divided into 
four tribes for practical purposes, (I) Megarhinim, basal half of pro- 
boscis ri^d and distal portion flexible, the adults ate strictly flower-feed- 
ing, and the larvae are predaceous, e.g , Megarhinus inorMtus Walker,* 
(2) CuHcini, in which the palpi of the female are less than half as long os 
the proboscis, scutellum trilobed, pulvUU present, eggs laid in rafts, 
e.g, Ctilex pipiens Linn.; (3) Aedini, in which the palpi and trilobed 
scutellum are as in the CuHcini but the abdomen of the female is pointed, 
post-spiracular bristles are present, pulvilU absent or hair-like, eggs laid 
singly, e.g., Aedes vexans (Meigen) ; (4) Anophelini, in which the palpi 
of both sexes are as long as or nearly as long as the proboscis, scutellum 
rounded, without lobes, eggs laid singly, e.g, Anopheles maculipennis 
Meigen. 

Among the more technical characters used m classification are chaeto- 
taxy, toothed condition of the claws (ungues), structure of pharyngeal 
armature, presence or absence of pulvilh, size, form and distribution of 
the scales, color pattern, and particularly the terminal abdominal seg- 
mente of the males, genital and anal, collecth-ely known as the termi- 
nalia. The female terminalia occasionally present characters useful in 
classification. Recently emphasis is being placed on larval characters 
and those of the eggs. 

Classification based on termtnalia.—’nie difiicuUies encountered in 
undertaking a classification of mosquitoes based on the male genitalia 
or more accurately the male terminalia (hypopygium of Edwards 1920, 
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Christophers and Barraud 1923) arc (1) the necessity of macerating the 
specimen and mounting for microscopic study (if possible, the tcrminalia 
should be observed in alcohol in order to obtain the true relationship of 
the parts, rather than the single>plane view of a slide mount) , and (2) the 
confusion of names applied to the various parts by different writers which 
makes it difficult to apply the published keys. The revised terminology 
of Freeborn (1924) ^ will bo adhered to in the classification of male 
mosquitoes. (Fig. 67.) 



Those segments distad of the seventh are considered as comprising the 
male terminalia complex. Christophers (1915)* first showed that follow- 
ing the emergence of the male mosquito, a torsion of 180® takes ^ 
the juncture of the seventh and eighth segments; as a result the eig 
tergite and those distad of it become ventral and the sternites dorsa . 
The terms ventral and dorsal will hereafter be used in the ° 
"primitively ventral and dorsal,” i.e., before rotation took place. The 
following explanation of the terminology is supplemented by Table I m 
which several of the major systems are compared. 

1. The eighth segment is of interest in certain genera {Theobal m, 



MOSQUITOES 161 

Taeniorhynchns, Mcgarhinus) , in which the termites of some species bear 
rows of hairs or spines on the apical edge. 

2. The ninth segment is to be considered the genital segment; the 
sternite, a narrow piece of chitin, and the tei^ite, a wider piece which 
may bear two spined lobes (without spines in Anopheles), form a ring 
through the membranous floor of which the genital and anal appendages 
project. The clasping organs (gonostylcs, in reality the exopodites of a 
primitive iimb) arc composed of a basal piece (basistylcl and distal piece 
(dististyle) * which terminates in a spine {appendage of the dististylc). 
A small sclerite, the coxi'te, is hidden at the outer base of the basistyle 
The tntcrbasal fold lies at the base of the basistyle where Jt forms an 
amphitheatre vcntrally and laterally around the genital opening. This 
fold is of taxonomic importance because of the multiplicity of projections 
in which it manifests itself. In its most generalised form (Theobaldia, 
etc.) it exists as a conical lobe with stout spines (bosol lobe) at the base 
of the basistyle, the ventral angles of each lobe meeting in the mid- 
ventral line In Aedes the fold manifests itself as a basal Jobe and a more 
ventral finger-like elongation called the daspetie; at the apex of the 
basistyle a dorsal apical lobe is present {Theobaldia, Aedes, Ochlerota- 
tus) The suh-apical lobe of Culex is a projection of the interbasal fold 
that has migrated up the dorsal side toward the apex of the basistyle; no 
other manifestations of this fold are present in this genus. In Anopheles 
spp. setiferous lobes are present ventrally {claspette lobes) and lobe-like 
continuations are fused dorsally with the basistylcs called the parabasal 
lobes (bearing heavy spines). 

3. The external membranous projection of the ejaculatory duct, the 
penis, is protected laterally by chitinous plates, the penis valves In 
Anopheles these plates have fused into a slender elongate tube, the distal 
end of which may be ornamented by leaflets (of considerable taxonomic 
importance) . In Culex and Aedes this structure is composed of tissue 
from the penis valves as well as from the inner surface of the basistyles , 
hence the term phallosome is more appropriate for these lateral plates of 
dual origin, which in Culex may be very grotesque because of multiplicity 
of lobes. Parameres are terms applied to the flaring, triangular plates on 
either side of the phallosome, which in reality are the walls of the cavity 
in which the phallosome may be sunk (absent in Anopheles). 

4. The anal portion (tenth segment) of the terminalia (proctiger) is 
in the form of a membranous mound, lying nithin the ninth segment and 
dorsal to Ibe genital opening. Supporting it ventrally are the chitinous 
paraprocts, which in some genera are tipped with heavy spines {Culex) 
or furcations {Theobaldia). A ventral arm of the paraproct extends 
vcntrally around the phallosome, and a ioterol am of the paraproct sur- 

• These arc rcspectiv cJy the coiitc and style of Ednrards (1932, ioc cil ) 
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rounds the base of the proctiger. A chitinous plate occasionally found on 
the dorsal surface of the proctiger is the epiproct. 

TABLE II 

Synonymy of Tehms Used in Designating Male Terminalia 


Terras Adopted 
(after Freeborn 1924) 

Terms used by 
Christopers 1^3 ' 
and 

Barraud 1934 * 

Terms used by 
Edwards 1920 ’ 

Proctiger 

Proctiger 

Anal lobe 

Paraprocta 

Paraprocta 

10th stemite 

Lateral arms of para- 
procts 

\ 


Ventral arms of para- 
procta (Culex) 

Basal lateral arm of para- 
proct (Ciilex) 

Basal arm of 10th stemite 

Epiproct 

Dorsal plate of proctiger 

10th tergite 

Basistyle 

Coxite 


Dlstistyle 

Style 


Appendage of dististyle 

Appendage of style 

Claw 

Basal lobe 

Basal lobe 

1 Basal lobe . , , , 

1 Claspette (TaeTnoThynehva) 

Claspette 

Harpago 

Claspette 

Sub-apical lobe 

Sub-apical lobe 

Sub-apical lobe 

Apical lobe (Aedes) 


Apical lobe ( Aedes) _ 

Parabasal lobe 

Parabasal lobe 

Basal lobe 

Phallosome 

Phallosome 

Mesosome 

Paramere 

Parameral plate 

P.irainere 

Lobes of 9th tergite 

Process of 9th tcrgite 

T,ohps of 9th tergite 

9th Bternite 

9th stemite 

9th stemite 


Life history of mosquitoes. — All mosquitoes pass through 
eral stages of a complex metamorphosis — egg, larva, pupa and a u 
(Fig. 68 ) The larvae are commonly knotvn as wrigglers and the pupa® 
as tumblers. Water in which to pass the larval and pupal stages is essen 
tial. Eggs in some species may be deposited on mud and the larvae i ^ 
others may exist for several hours under similar conditions. Howar 
states that “in no case, however, were we able to revive larvae in rnu 
from which water had been drawn off for more than 48 hours, and a e 
24 hours only a small proportion of the larvae revived.” Eggs, on ^ 
traryj^n some species may survive long periods of desiccation, no a 
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those of the yellow-fever mosquito which will hatch after being dry for a 
period of six months. According to Dyar,® the eggs of Psorophora, with 
their spinose protecting coat, are able to ■withstand desiccation on the 
dry ground for months or years, hatching with the advent of water. 

Mosquito eggs are deposited either singly or in rafts (Fig. 69) on the 
surface of quiet pools of water and 
in some species along the margins, 
and even in fairly dry situations 
where pools may he formed later 
by rains or tidal action. The incu- 
bation period varies greatly with 
the species and temperature, from 
18 to 21 hours in many of the Cull- 
cini to several months, i e., through 
the winter, in the snow mosquitoes, 
boreal Aedini, as welt as in cer- 
tain species of salt marsh mos- 
quitoes, thus producing one brood 
annually. 

The larvae of the various raany- 
brooded species, most commonly 
observed in rain barrels, watering 
troughs and similar situations, 
hang suspended diagonally from 
the surface by means of a prom- 
inent breathing siphon with head 
downwards as in the Culicini. The 
larvae of the tribe Anophelini he 
horizontally just beneath the sur- 
face of the water, suspended par- 
ticularly by means of palmate hairs 
(Fig. 69) . The raandibulate larvae 
secure thoir food by browsing on 
microorganisms, both plants and 
animals. It is not difficult to ob- 
6en.’e the feeding habits of the 
larvae as they squirm about while 
breathing at the surface or wriggle down to the bottom or along the 
sides nibbling food. Anopheline larvae are adapted for feeding at the 
surface, indicated by the palmate hairs by means of which the larvae 
maintain a horizontal position and by their ability to rotate the head 
through ISO* while feeding against the surface film which is laden with 
bacteria and other microd^anisms (CSiristophcrs and Puri).” The 
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larvae grow rapidly during the warm summer, molting four times, the last 
molt resulting in the pupa. An avera^ of seven days is required for the 
larval stage in several of our commoner Culicini under optimum condi- 
tions. The lar\'al stage of the Anophelini requires a much longer time. 

With the fourth molt the pupa or “tumbler” appears and this with 
remarkable rapidity. In this non-feeding though very active stage there 
is a pair of breathing "trumpets’* situated dorsaUy on the cephalothorax. 
The pupa is remarkably active and sensitive to disturbances of the water, 
letting go suddenly and darting with a tumbling motion to shelter and 
after a few moments rising with little motion to the surface where the 
breathing trumpets break the surface film and contact with the air is 
reestablished. The pupal stage is quite short, usually from two to three 
days. 

In a series of experiments to determine the effect of various quantities 
of a given larval food on the development of a common species of fresh 
water mosquito in California, namely Theobaldia incidens (Thom.) , the 
largest percentage of emergence was obtained when 2.5 grams of yeast 
were supplied per litre of distilled water. The egg rafts were first placed in 
the waWr, each raft in a separate container, hatching in about 2V^ days 
The newly hatched larvae were thoroughly mixed and transferred in lots 
of 100 to battery jars containing one litre of water with a measured quan- 
tity of Pleischmann's yeast; pH readings were taken before and after 
the yeast was added and in all cases the pH readings w’ere 6.6; daily pH 
readings were taken thereafter until all tlie mosquitoes had emerged, the 
pH remaining the same until pupation; the average minimum room 
temperature was 19 2® C and the maximum 24.4® C By far the largest 
percentage of adults, 88 per cent, was produced in the jar with 2.5 grams 
of yeast, 45 per cent males and 43 per cent females. The first molt took 
place on the fourth day, the second molt on the sixth day, the third moU 
on the ninth day, the fourth molt on the twelfth day when the first pupa 
appeared, and the first adult mosquito, a male, emerged on the eighteenth 
day, giving a total of about 21 days for the complete life history, includ- 
ing incubation period of the eggs. The complete record of the experiment 
is published elscwliere Wlien the temperature was maintained at 
24® d: 1® C the life history was shortened to l2Vh days — egg stage 24 
hours, lar\'al stage ten days, and pupal stage 36 hours. 

Food habits of adult mosquitoes. — ^The mouth parts of male mos- 
quitoes arc not suited to piercing, hence they are not bloodsuckers. Their 
nourishment is normally derived from nectar and plant juices and other 
liquids. With the exception of a few species such as the plant feeding 
Mcgarhinini and the Jlarpagomyia which feed on regurgitated stomach 
contents offered by ants (Cremostopasfer), all female mosquitoes are 
able to pierce the skin of animals and feed on blood. No doubt vast 
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numbers never have the opportunity to feed on blood. Many species are 
zoophilic, feeding only on the blood of reptiles and a^iphibians, e.g. 
Culex apicalis Adams, and still others on the blood of larger mammals 
such as cattle. Species which feed on man by preference are known as 
anthropophilic. 

Flight habits of mosquitoes. — ^Although most of the domestic species 
remain fairly close to their point of origin, i.e., within a distance of a few 
city blocks or half a mile, there arc many species, particularly among the 
Aedini, which may travel many miles. In searching for breeding places 
of the common Culicini under urban conditions the point of origin will 
usually be found not far from the points of complaint. 

Salt marsh mosquitoes arc often a source of great annoyance far from 
their breeding places and a knowledge of their migratory habits is im- 
portant in mosquito control. Aedes solUcitans (Walkcr)j an important 
salt marsh species of the Atlantic seaboard, is known to migrate at least 
forty miles. The migrations of Aedcs s^i/orntgcr (Coquillett) have been 
traced on the Pacific coast for a distance of 60 to 75 miles.” Males are 
seldom found far from their point of origin, although the males of Man- 
soniapcrlurbans (Walker) arc said to accompany the migrating females. 

The flight range of Aedcs vexans (Meig.) and A. aldrichi D. & K. 
has been studied by Stage, Gjullin and Yates ** by using a stain, 1.6 per 
cent aqueous solution of methylene blue or cosine, applied with a hand 
compressed-air sprayer to newly emerged adult mosquitoes resting on 
vegetation near their breeding places. Mosquitoes were collected in this 
area at regular intervals until no more could be found. The collected 
specimens were killed and each tested with one or two drops of a solvent 
made of 3 parts glycerin, 3 parts 95 per ccnt-alcohol and 1 part chloro- 
form, The following results arc recorded: (1) Both species and both 
sexes were dispersed in all directions, both with and against general win 
currents, for a distance of about two miles. (2) Males moved aw’ay from 
the breeding areas more slowly than females. (3) Females of both species 
traveled one-half mile across part of the Columbia River (Oregon) 
within 24 hours after being stained. (4) One Aedes vexam (Meig-) 
female was recovered 46 days after being stained, three miles distan 
and across the Columbia River. (5) One Aedes sp. male was taken 
days after being stained at a point five miles distant. This was the grea 
est distance for any positive flight record obtained, (6) The pests were 
abundant to a distance of fifteen miles from the breeding grounds an 
then diminished rapidly until at about thirty miles only one female was 
t?|ken during a 10-minute search. 

^ Longevity of mosquitoes. — Male mosquitoes usually remain a I'e 
but for six or seven days although Anopheles pseudopunctipennis Theo • 
males have been kept alive in our laboratories for over a month, an 
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Mayne was able to keep an A. punctipennis Say male alive for 89 days 
and a female of the same species 231 days, while females with ample food 
may live for four or five months, particularly under hibernating condi- 
tions. During their period of greatest activity it is likely that the average 
lifetime of the females is not far from thirty days. 

The staining e.vperiments by Stage, et al. (loc. cit.), produced im- 
portant data relative to longevity. Thus six Aedes aldrichi D. & K. 
females were taken 52 days after staining, one female of the same species 
65 days after staining, one Aedes vexans (Merg-l female after 55 days, 
also under especially favorable conditions one 94-day old A. aldrichi 
D. & K. male was taken, and females of both Aedcs aldncki D. & K. and 
A.vexans (Meig.) were collected from J04to U3 days after staining. The 



latter species is said to have the greater maximum longevity by approx- 
imately 15 to 20 days. 

Freeborn has found that increased humidity has a protective influ- 
ence on the longevity of Anopheles maculipennis Meigen kept at constant 
temperatures, but at a constant of 80® F. no amount of relative humidity 
can protect them for the fuU life span of a month. A relative humidity 
of 65 per cent insures the normal life span at 70® F. Freeborn points out 
that 55 per cent humidity involves a saturation deficiency of 3 6 grains 
per cubic foot by which can be expressed the drying power of the air in 
the absence of wind currents A deficiency of 3.8 grains at 76® F. was 
tolerated for only three weeks instead of more Uian four. It is pointed out 
that the lethal effect may be caused by either a fatal temperature or by 
desiccation of the insect's body. Wi^ an increase of temperature or a 
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decrease in relative humidity the saturation deficiency increases and the 
demand on the insect’s moisture content becomes greater. (Fig. 70.) The 
ability of a particular species to retain adsorbed water in the presence 
of existing saturation defidencies undoubtedly explains the variabil- 
ity of resistance of the different species to desiccation, according to 
Freeborn. The length of life of A. maculipennis Meigen and other vec- 
tors of malaria has important bearing on their ability to transmit the 
disease. 

Internal anatomy of mosqmtoes. — ^To be prepared to study the rela- 
tion of mosquitoes to such diseases as malaria and filariasis, the student 
should be familiar with their internal anatomy. The attention of the 
student is called particularly to the excellent treatise on the “Structure 
and Biology of Anopheles'* by Nuttall and Shipley (1903) in the Journal 
of Hygiene, vol. iii, No. 2, pages 166-215. 

The alimentary canal is separable into three regions, the fore-, mid' 
and hind-gut, each of which may be arbitrarily subdivided into more or 
less distinct divisions (Fig. 12) . Thus the fore-gut consists of the sucking 
tube of the proboscis, the pharynx, including pumping organ and the 
oesophagus with its diverticula (three in number and generally known as 
food reservoirs) ; the mid-gut consists of a narrower anterior portion 
(false proventriculus) and a wider posterior portion (sJomacA) occupy- 
ing the thorax and much of the abdomen, and limited posteriorly | ® 
origin of the five Malpighian tubules which indicate the beginning or t e 
hind-gut; the hind-gut is bent on itself several times and consists of a 
narrow, longer ileum, the colon and what is arbitrarily termed rectun 
indicated by the presence of rectal papillae. ^ , 

The salivary system consists of two sets of salivary glands (right an 
left), three glands to each set. These organs are situated ventrally in 
the thorax near the neck. Each set of glands empties into a duct w ic 
combines with the opposite one to form the common salivary duct, is 
common duct empties its contents into the pharynx through the sa i 
vary receptacle close to the base of the proboscis. 

The reproductive system of the female mosquito occupies the pos 
terior portion of the abdomen and comprises a pair of oyones jome ^ ^ 
a pair of oviducts terminating in the vagina which opens ventra y m 
depression of-the-ninth stemite; spermathecae are present (one to » 
depending on the specie) . The spermathecae of an impregnated 
contain myriads of spermatozoa, and the ovaries when mature occupy 
larger part of the abdomen. 

Tribe Megarhinini 

Characteristics, — The members of the tribe Megarhinini are 
in distribution; usually highly colored; they are day fliers and bo 
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mass. At the same time 39 females' fed on a canary deposited 22 egg 
masses, totaling 4,473 eggs, or an average of 203.3 eggs per mass. Over 
twice as many eggs per mass or per milligram of blood ingested were pro- 
duced by mosquitoes fed on canary blood as were produced by mos- 
quitoes fed on the blood of man. 

Culex tarsalis Coquillctt is widely distributed throughout the western 
United States as far east as Illinois, reaching its greatest development on 
the Pacific coast from Mexico to British Columbia even at elevations of 
over 7,000 feet. Although normally not obnoxious it may at times attack 
humans. It breeds prolifically in almost any ground pool, no matter how 
foul, particularly those of a sunlit and a permanent nature, although 
breeding may take place in clear shady woodland pools. It is a rapid 
breeder with a life history similar to Culex pipiens Linn, which it also 
resembles in color, i.e., it is grayish brown to black in general appearance. 
The ventral abdominal black markings show an inverted V. Dorsallythe 
black abdomen is marked with white basal bands and the black legs have 
white banded tarsi. 

Theobaldia incidem (Thomson), like other members of this genusi 
partakes of characters which would place it in either of the tribes Culicim 
or Aedini, but for practical purposes, based largely on breeding habiU, 
the members of this genus are placed in the tribe Culicini. Id this genua 
(Theobaldia) , which includes over six North American species, the post- 
spiracular bristles (Fig. 69) are absent and in the females of at least 
Pacific coast species the anterior and posterior cross-veins tend to he m 
one line. In Theobaldia inddens (Thom.) , a western species (west of the 
Rocky Mountains) , the wings are spotted. It breeds throughout the year, 
where temperature permits, in all sorts of permanent pools and is a com- 
mon domestic species. It lends itself particularly well to laboratory 
experimentation. The life history of this species is described earlier m 
this chapter. Theobaldia rjiaccrackenae (Dyar and Knab) , a Califoruian 
species, resembles T. inddens (Thom.) quite closely except for differ' 
ences in the male terminaba and that the wing spots are smoky because 
of the adjacent brown-staii^ed areas and the scaly condition of the cross 
veins [naked in T. inctdens (Thom.)]. . , 

Theobaldia inornata (Williston) is found throughout the Uni ^ 
States and southern Canada. The wings are broad and clear, the cross 
veins are scaled, and the veiy short black palpi have white scales at e 
tip. In breeding habits it resembles T. inddens (Thom.) . 

Theobaldia impatiens (Walker) occurs throughout the northern pa 

of North America, though not numerously. It resembles T. inojuaa 
(Will.] except that the cross-veins are bare of scales and there ®re iu la 
tinct spots at the vein forking. Theobaldia inomata (Will.^ andT. 
patiens (Walk.) are separated from T, indden, (Thom.) and T. tncc 
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erackenae (D. & K.) by the absence of Vfhtte rings on the first two tarsal 
segments. 

Tribe Aedini 

Characteristics. — Ordinarily the Aedes mosquitoes are included in 
the tribe CJulicini, but because of their remarkable breeding habits and 
other striking characteristics the author has taken the liberty to set the 
Aedes, of which there are about 500 species, apart as a separate tribe, the 
Aedini. More than half of all the species of mosquitoes in North America 
belong to the genus Aedes. 

Like the Culichii the Aedini have a trilobed scutellum. Most of the 
species as Edwards points out have the claws toothed in the female, post- 
spiracular bristles present, the pulvilli absent or hair-like and the female 
abdomen tends to be more pointed and the cerci longer than in other 
groups. The larvae have short siphons bearing one pair of postero- 
ventral hair tufts, and nearly always a distinct pecten (Fig. 69). The 
eggs are deposited singly on the surface of the water, on mud or even in 
situations where there may be little moisture but where submergence may 
follow. 'Hie females of all species bite, many of them viciously. Many 
species are diurnal in biting habits, most of*thcm biting toward evenioR. 

Among the forty species of Aedes in North America are Aedes aegypti 
(Linn.) , the yellow-fever mosquito; A. vexans (Meigen) , the ve.vatioii8 
mosquito, breeding in flood water; A sofh'ctfcns (Walker), the famous 
“New Jersey” mosquito, breeding in salt marshes; A. dorsalis (Meigen) 
breeding in salt marshes, al.'o fresh water, particularly on the Pacific 
coast; A. sguamiger (Coquillett) breeding in brackish water on the 
Pacific coast; A. varipalptis (Coquillett), a Pacific coast tree hole 
mosquito; A. eataphylla Dyar, a RocI^ Mountain snow mosquito; A. 
communis tahaensis Dyar, a common Sierran snow mosquito. 

Salt marsh mosquitoes. — Aedes dorsaliA (Meigen), a fierce day 
biter, is widely distributed throughout the northern half of the United 
States, Canada, Europe and Asia, In general the body is straw colored 
(tan), varying from almost white to dark brown; the thorax has three 
longitudinal bright brown stripes; the hind tarsi with white bands at 
bases and apices of all segments, the last one wholly white. Although it 
breeds freely and abundantly in fresh water, such as flood water, rice 
fields, and drainage from irrigation, it is nevertheless the commonest salt 
marsh mosquito of the Pacific coast north of Monterej'. It is here a dis- 
tinctly brackish water breeder, generally breeding in pools reached only 
by the monthly “rip’’ tides. There are thus several monthly broods, the 
first appearing as early as March. The are deposited singly, most 
of them in the mud along the edge of receding pools. A resting period of 
at least BIX months is believed to be necessary before hatching and the 
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mass. At the same time 39 females fed on a canary deposited 22 egg 
masses, totaling 4,473 eggs, or an average of 203.3 eggs per mass. Over 
twice as many eggs per mass or per milligram of blood ingested were pro- 
duced by mosquitoes fed on canary blood as were produced by mos- 
quitoes fed on the blood of man. 

Culex tarsalis Coquilletl is widely distributed throughout the western 
United States as far cast as Illmois, reaching its greatest development on 
the Pacific coast from Mexico to Britbh Columbia even at elevations of 
over 7,000 feet. Although normally not obnoxious it may ot times attack 
humans. It breeds prolifically in almost any ground pool, no matter how 
foul, particularly those of a sunlit and a permanent nature, although 
breeding may take place in clear shady woodland pools. It is a rapid 
breeder with a life history similar to Culex pipiens Linn, which it also 
resembles in color, i.c., it is grayish browm to black in general appearance. 
The ventral abdominal black markings show an inverted V. Dorsally the 
black abdomen is marked with white basal bands and the black legs have 


white banded tarsi. 

Theohaldia incident (Thomson), like other members of this genm, 
partakes of characters which would place it in either of the tribes Culicmi 
or Aedini, but for practical purposes, based largely on breeding habits, 
the members of this genus are placed in the tribe Culicini. In this genus 
{Theobaldia) , which includes over six North American species, the post- 
spiracular bristles (Fig. 69) arc absent and in the females of at least 
Pacific coast species the anterior and posterior cross-veins tend to he m 
one line. InTheobaldtaincidcns (Thom.) , a western species (west of the 
Rocky Mountains) , the wings arc spotted. It breeds throughout the year, 
where temperature permits, in all sorts of permanent pools and is a com- 
mon domestic species. It lends itself particularly well to laborato^ 
experimentation. The life history of this species is described earlier m 
this chapter- Theobaldia maccrackenae (Dyar and Knab) , a Califo^an 
species, resembles T. incidens (Thom.) quite closely except for di er- 
ences in the male terminalia and that the wing spots are smoky because 
of the adj acent brown-stained areas and the scaly condition of the cross 


veins [naked in T-madene (Thom.)]. .. j 

Theobaldia tnomofo (Williston) is found throughout the Um 
States and southern Canada. The wings are broad and clear, the cro^ 
veins are scaled, and the very short black palpi have white scales at e 


tip. In breeding habits it resembles T. incidens (Thom.) . 

Theobaldia impatiens (Walker) occurs throughout the northern pa 

of North America, though not numerously. It resembles T. inornao 
(Will.') except that the cross-veins are bare of scales and there . 
tinct spots at the vein forkings. Theobaldia inomata (Will.^ 
patiens (Walk.) are separated from T. inciden. (Thom.) and T. vusc- 
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crackeme (D. & K.) by the absence of white rings on the first two tarsal 
segments. 

Tribe Aedini 

Characteristics. — Ordinarily the Aed^ mosquitoes are included in 
the tribe Culicini, but because of their remarkable breeding habits and 
other striking characteristics the author has taken the liberty to set the 
Aedes, of which there arc about 500 species, apart as a separate tribe, the 
Aedini. More than half of all the species of mosquitoes in North America 
belong to the genus Aedes. 

Like the Culicini the Aedini have a trilobed scutellura. Most of the 
species as Edwards points out ha%'e the claws toothed in the female, post- 
spxracular bristles present, the pulvilli absent or hair-like and the female 
abdomen tends to be more pointed and the cerci longer than in other 
groups. The larvae have short siphons bearing one pair of postero- 
ventral hair tufts, and nearly always a distinct pecten (Fig 69). The 
Eggs are deposited singly on the surface of the water, on mud or even in 
situations where there may be little moisture but where submergence may 
follow. The females of all species bite, many of them viciously. Many 
species are diurnal in biting habits, most of them biting toward evening. 

Among the forty species of Aedes inNorth America are Aedes oegppti 
(Linn.), the yellow-fever moequito; A. vexans (Mcigen), the vexatious 
mosquito, breeding in flood water; A. sollicitons (Walker), the famous 
"New Jersey" mosquito, breeding in salt marshes; A. dorsalis (Meigen) 
breeding in salt marshes, also fresh water, particularly on the Pacific 
coast; A. squamiger (CoquiUett) breeding in brackish water on the 
Pacific coast; A. vanpolpus (CoquiUett), a Pacific coast tree hole 
mosquito; A. cataphylla Dyar, a Rocky Mountain snow mosquito; A. 
communis takoensis Dyar, a common Sierran snow mosquito, 

Salt marsh mosquitoes.— Aedea dorsalis (Meigen), a fierce day 
biter, is widely distributed throughout the northern half of the United 
States, Canada, Europe and Asia. In general the body is straw colored 
(tan), varying from almost white to dark brown: the thorax has three 
longitudinal bright brown stripes; the hind tarsi with white bands at 
bases and apices of all segroente, the last one wholly while Although it 
breeds freely and abundantly in fresh water, such as flood water, rice 
fields, and drainage from irrigation, it is nex-ertheless the commonest salt 
marsh mosquito of the Pacific coast north of Monterey. It is here a dis- 
tinctly brackish water breeder, generally breeding in pools reached only 
by the monthly "rip” tides. There are thus several monthly broods, the 
first appearing as early as March. The eggs are deposited singly, most 
of them in the mud along the edge of receding pools. A resting period of 
at least six months is believed to be necessary' before hatching and the 



170 MEDICAL ENTOMOLOGY 


mass. At the same time 39 females fed on a canary deposited 32 egg 
masses, totaling 4,473 eggs, or an average of 203.3 eggs per mass. Over 
twice as many eggs per mass or per milligram of blood ingested were pro- 
duced by mosquitoes fed on canary blood as were produced by mos- 
quitoes fed on the blood of naan, 

Culex tarsalis Coquiilett is widely distributed throughout the western 
United States as far cast as Illinois, reaching its greatest development on 
the Pacific coast from Mexico to British Columbia even at elevations of 
over 7,000 feet. Although normally not obnoxious it may at times attack 
humans. It breeds prolifically in almost any ground pool, no matter how 
foul, particularly those of a sunlit and a permanent nature, although 
breeding may take place in clear shady woodland pools. It is a rapid 
breeder with a life history similar to Culex pipiens Linn, which it also 
resembles in color, i.e., it is grayish brown to black in general appearance. 
The ventral abdominal black markings show an inverted V. Dorsally the 
black abdomen is marked with white basal bands and the black legs have 
white banded tarsi. 

Theohaldia incident (Thomson), like other members of this genuS) 
partakes of characters which would place it in either of the tribes Cullcim 
or Aedini, but for practical purposes, based largely on breeding habitSj 
the members of this genus are placed in the tribe Culicini. In this genus 
{Theobaldia) , which includes over six North American species, the post- 
spiracular bristles (Fig. 69) are absent and in the females of at least 
Pacific coast species the anterior and posterior cross-veins tend to he m 
one line. In Theohaldia xncidens (.Thom.) , a western species (west of e 
Rocky Mountains) , the wings are spotted. It breeds throughout the year, 
where temperature permits, in all sorts of permanent pools and is a com- 
mon domestic species. It lends itself particularly well to labowto^ 
experimentation. The life history of this species is described earlier m 
this chapter. Theohaldia maccrackenae (Dyar and Knab) , a Californian 
species, resembles T. incideiu (Thom.) quite closely except for di er 
ences in the male terrainalia and that the wing spots are smoky because 
of the adjacent brown«stained areas and the scaly condition of the cross 


veins [naked in r.inciden* (Thom.)]. j 

Theohaldia inomata (WilUston) is found throu^out the uni ^ 
States and southern Canada. The wings are broad and clear, the cro^^ 
veins are scaled, and the very short black palpi have white scales a 

tip. In breeding habits it resembles T. (Thom.) . . 

Theohaldia impatiens (Walker) occurs throughout the northern p 

of North America, though not numerously. It resembles T. 

(Will.') except that the cross-veins are bare of scales and there , 

tinct spots at the vein forkings. Theohaldia tnornata (Will.) nnd 
pattens (Walk.) are separated from T- inciden . (Thom.) and T. mae 
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crackenae (D. & K.) by the absence of white rings on the first two tarsal 
segments. 

Tribe Aedini 

Characteristics. — Ordinarily the Aed^ mosquitoes are included in 
the tribe Culicini, but because of their remarkable breeding habits and 
other striking characteristics the author has taken the liberty to set the 
Aedes, of which there are about 500 species, apart as a separate tribe, the 
Aedini. More than half of all the species of mosquitoes in North America 
belong to the genus Aedes. 

Like the Gulichii the Aedini have a trilobed scutcllum. Most of the 
species as Edwards points out have the claws toothed in the female, post- 
spiracular bristles present, the pulvilH absent or hair-like and the female 
abdomen lends to be more pointed and the cerci longer than in other 
groups. The larvae have short siphons bearing one pair of postero- 
vcatral hair tufts, and nearly always a distinct pecten (Fig. 69). The 
eggs are deposited singly on the surface of the water, on mud or even in 
situations where there may be little moisture but where submergence may 
follow. The females of all species bite, many of them viciously. Many 
species are diurnal in biting habits, roost of them biting toward evening. 

Among the forty species of Aedes in North America arc Aedes ae^ypti 
(Linn.), the yellow-fever mosquito; A. vexans (Meigen), the vexatious 
mosquito, breeding in flood water; A. solliciioni (Walker), the famous 
"New Jersey” mosquito, breeding in salt marshes; A. dorsalis (Meigen) 
breeding in salt marshes, also fresh water, particularly on the Pacific 
coast; A. squamiger (Coquillell) breeding in brackish water on the 
Pacific coast; A. varipalpus ((IJoquillett), a Pacific coast tree hole 
mosquito; A. catapfiylla Dyar, a Rocky Mountain snow* mosquito; A. 
commwis takoensis Dyar, a common Sierran snow mosquito. 

Salt marsh mosquitoes.— Aedci dor.wlu (Meigen), a fierce day 
biter, is widely distributed throughout the northern half of the United 
States, Canada, Europe and Asia. In general the body is straw colored 
(tan), varying from almost white to dark browm; the thorax has three 
longitudinal bright brown stripes; the hind tarsi with white bands at 
bases and apices of all segments, the last one wholly white. Although it 
breeds freely and abundantly in fresh water, such as flood water, rice 
fields, and drainage from irrigation, it is nevertheless the commonest salt 
marsh mosquito of the Pacific coast north of Monterey. It is here a dis- 
tinctly brackish water breeder, generally breeding in pools reached only 
by the monthly "rip" tides. There are thus several monthly brood.*!, the 
first appearing as early as Mardi. The eggs arc deposited singly, most 
of them in the mud along the edge of receding pools. A resting period of 
at least six months is believed to be necessary before hatching and the 
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eggs may remain unhatched for many months in situations from which 
water is excluded. Development after hatching is rapid, emergence of 
the adult mosquitoes may be within eight or nine days. 

Aede$ squamiger (Coquillett) is restricted to the Californian sea- 
coast from San Francisco Bay to San Diego^ breeding in salt marsh pools 
tiiat are fed by fresh water from the winter rains. Like A. dorsalis 
(Meig.) it is a fierce day biter, rather worse toward dusk, and travels 
great distances. It is known as the gray salt marsh mosquito. Thevesti- 
turc is characteristically composed of large scales. The proboscis is uni- 
formly black scaled. Its egg-laying habits are similar to A. dorsalis 
(Meig.) ; there is, however, but a single brood coming very early in the 
spring, as early as February. 

Aedes taeniorhynchus (Wiedemann) is a typical salt marsh breeder 
distributed along the coastal area of the United States northwards to 
Connecticut on the east coast and Santa Barbara on the west coast. It is 
the brown salt marsh mosquito; its proboscis is distinctly white banded. 
It is a fierce day biter and its egg-laying habits are similar to A- do«al« 

(Meig.) and A. squamiger (Coq.). There are monthly broods throughout 

the summer. Development is exceedingly rapid, the larval stage may 
require but four days, the acquits emerging in from eight to ten days. 

A&deB sollicitam (Walker), the pestiferous salt marsh mosquito of 
the Atlantic coast, breeds from Maine to Florida and thence west along 
the.Gulf of Mexico to Texas' There are many broods, and in its southern 
range breeding may be continuous. 

The numbers of larvae appearing in certain pools is almost unbeliev- 
able. Smith ^8 states : 

"I have found pools so crowdeef that an estimate of lOO wrigglep in an 


UIQ 


Flood-water Aedes . — Aedes vexans (Meigen) is a typical flood-wa w 
mosquito having practically a world-wide holarctic distribution. is 
one of the fiercest day biters and exceedingly abundant — it is tru y a 
vexatious mosquito. It breeds in greatest numbers along the edges d 
rivers subject to overflow, and like other Aedes species lays its eggs a eng 
the muddy edges of receding pools where they hatch during the same 
season when water due to intermittent flooding or freshets reaches t 
There may thus be several broods where flooding occurs due to me 
mountain snows or thunderstorms, or there may be only one brood w 6^® 
there is a single spring flood. It is a rapid breeder and migrates many 
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miles. It varies in color from brown to gray; the tarsi are basally nar- 
rowly banded; the wings are uniformly brown. 

Aedes dorsalis (Meigen), already referred to as a salt marsh breeder, 
is also a prolific breeder in open flood-water pools, particularly in irri- 
gated pastures after flooding and in drainage pools due to excess water. 
Where early flood waters occur along wooded river courses the single- 
brooded Aedes vexans (Meig.) donunates, but as the season advances 
Aedes dorsalis (Meig.), a many brooded species, supersedes it in these 
areas, but breeds particularly in open pastures where the temperature of 
the water is hi^h. At 99 5® F. (in water) we found enormous numbers 
of larvae completing their cycle in about six days. 

Tree hole mosquitoes, — ^Although the habit of breeding in tree holes 
occurs in various species belonging to genera other than Aedes, c,g., 
Anopheles barberi Coquillett, etc., there are a number of typical tree 
breeders in the Aedini, notably Aedes varipalpus (Coq.) a Pacific coast 
species, Aedes tnseriatus (Say) of the eastern United States, Aedes luteo- 
ccphalus Newstead, Ethiopian, Aedes smpsom Theobald, Ethiopian, and 
others. 

Aedes vanpalpus (Coquillett) has bright white markings on the legs 
at both bases and apices of the tarsal segments and many white or silvery 
scales distributed over the body so os to give the vestiture a silver mottled 
appearance. !t is one of our smallest mosquitoes but a fierce biter. This 
Pacific coast species deposits its eggs on the sides of tree holes, notably 
holes in live oaks (Quercus agiifolia), also California laurel {Vmbellu- 
laria califomica) and valley oaks (Quercus lobata). Freeborn ** states 
that the eggs "hatch whenever they are wet by the rising waters. There is 
some evidence that the eggs may drop off after a period of desiccation or, 
as an alternative method, the larvae may hatch without the intervention 
of actual wetting and fall into the water below. The straw colored larvae 
with bright brown heads and enormously developed gills swim about their 
secluded medium with snake-like movements, but spend most of their 
time with their heads and thoraces buried in the silty deposit at the 
bottom of the tree holes. . . , The developmental period is extremely 
long, lasting from one to seven months. Although there is an intermin- 
gling of the broods, there are two pronounced peaks, one in the early sum- 
mer and another in the fall. The fall adults deposit eggs which produce 
the larvae that over-winter.” 

Psoraphora c^iata (Fabricius) is one of eight species of this genus m 
the United States. It is a widely distributed species in the eastern part 
of the United States, southeastern Canada and South America. Mathe- 
son states that it is a vicious biter, breeding in temporary’ ground-puddles 
and the larvae are predaceous, feeding on the laivac of otlier mosqui- 
toes. 
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PsoTophoTa columhiac (Dyar and Knab) is one of the smaller meni' 
bers of this genus. The larvae, which arc non»predaccous, live in tempo* 
rarj' roinpools and overflow irrigation water. The adult has a very 
speckled appearance, the first tarsal segment has a white mesial band and 
the remainder arc banded basally. Its range includes Cuba, Bahamas, 
and the United States from New York to Texas. 

In 1D32 this species is reported to have caused great loss to livestock 
in the Everglades section of Florida. The U. S. Insect Pest Survey 
Bulletin (Vol. 12, No. 10, p. 428) describes the plague: “by evening 
of that day the buzzing was as loud as that of a swarm of bees. During 
the night livestock could be heard running and thrashing in the under- 
brush, and on the morning of September C, dead animals were found 
throughout the section. The recorded mortality svas 80 head of cattle, 3 
horses, 1 mule, 67 hogs, 20 chickens, and 2 dogs. Post mortem examina- 
tions showed no mosquitoes in the respiratory apparatus, indicating that 
the animals died either from loss of blood, ncrv’ous exhaustion, or tte 
effects of some toxin.” The milk supply was also greatly reduced during 
tile four days of the infestation. 

Boreal Aedes or snow mosquitoes. — An interesting group of Aem 
consists of the so-called snow mosquitoes which appear in the early^®? 
in the high mountains and northern ranges of distribution, brceding u 
the pools left by the melting snow. These Aedes have but one genera wo 
and appear in enormous swarms in the higher elevations and 
ranges much to the dismay of the huntsman and alpine traveler. Thwe 
mosquitoes have been collected in many localities in the Sierra Neva a 
by the writer and the following quotations arc taken from an intercs lUg 
account of the same by Dyar.*® 


"At an altitude of 6,000 feet, pupae were abundant May 2o and by 
week in June the breeding was complete; even the pools that still 
water or had only just thawed out were empty. Adults appeared by the n 
June, and by the 16th the woods were filled with them in ^ direction. _ , j 
“Speakingespeciallyof the Fallen Leaf Lake region (vicinity of Lake 
a region in the heart of the Sierras to the north of the high peaks and 
eastern side of the divide, A. (communis) takoensis is the 
^rliest species, found everywhere, both in the hills and the pines in level co 
It breeds in the earliest pools of clear water held in rocky land, its home 

... .u . . . . ^ . It was common in the w > 

L • the only species present. 1 

« Dispersal of the ad^ts 

m general downward, they being abundant in the pines at Tallac on June » 
though no breeding places were near. A. cataphylla is less abundant an 
widely dispersed at Fallen I/caf. It was commonest at the foot of the tran 
^gora Lakes at the head of the laV rare at the outlet of the lake and 
allac on Lake Tahoe. A. hexodontus breeds in early pools, but especially 
of a marshy character, larvae being taken from hoofprints of cattle in the wg 
0 a marsh. The adults were well distributed and toward the end pf J 
rep aced A. (.communis) tahoensis as the dominant species. A. ventrovittis 
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rare species, taken only at one place nrar the tartlet of Fallen Leaf Lake and 
then in small numbers. It is presumably a marsh breeder, though the larvae 
were not found. A. paltcstris breeds in open grassy marshes, not in large num- 
bers. Dispersal was general, adults being taken everywhere, although seldom 
commonly. A. increpUtiS is the slowest breeder of any of the early species, the 
larvae lingering after all the others are gone, frequently in the same pools. They 
were abundant at the outlet of Fallen Leaf Lake with a downward dispersal, 
the adults being common at Tallac, about 2 miles from the breeding places, while 
only found a quarter of a mile up the lake and many days later. 

"The seasonal appearance of these mosquitoes varies with the altitude in 
the ratio of about a month in time to 1,000 feet of elevation. At Yosemite, at 
about 5,000 feet, all the species were about a month earlier than at Lake Tahoe, 
at 6,000 feet, while at Summit, at 7,000 feet, they were stiU another month later, 
larvae and pupae of tahoenaia and hezodontus being taken there on July 2, 1916, 
about the same stage that they were taken at Fallen Leaf on June 1, 1916.” 

At an elevation of about 10,000 feet the author encountered a veri- 
table plague of Aedes ventrovittis Dyar and A. communis tahoensis Dyar 
along the shores of Young Lakes in the Sierra Nevada Mountains July 
22-27, 1936. Larvae and pupae were still present in small pools of snow 
water along the shores of the lakes. Apparently only certain pools were 
infested. 

Yellow-fever mosquito. — Although the yellow-fever mosquito will 
long be known under the specific name of Stegomyia fasciata (Fabr.) the 
species is apparently correctly designated os Aedcs aegypti (Linn.), hav- 
ing stood for several years under the name of Aedes calopus (Meig.) and 
Aedes argenteus (Poiret) . This species is widely distributed within the 
Hmita of 40® N. and 40® S. latitude, but is highly susceptible to tempera- 
ture variations. According to Hindle ** it soon dies in the open air at a 
temperature of 7® to 8® C., succumbing in a few seconds to an exposure 
of 0® C., and 37® C. is rapidly fatal. Furthermore, it does not thrive in 
dry hot climates. The adult insect is beautifully marked with silvery 
white or yellowish while bands and stripes on a nearly black background, 
whence the name "tiger mosquito.” It has a ‘‘l 3 rrc-like” pattern dorsaUy 
on its thorax, i e., two outer curved yellowish white lines and two median 
parallel lines. The legs are conspicuously banded and the last joint of 
the hind leg is entirely white. The bead is covered with broad flat scales 
with only a single row of upright forked scales. 

The yellow-fever mosquito is a typical domestic species seldom found 
far from buildings. Many observers believe it to be a day-flying and day- 
feeding species, but this habit apparently is restricted to the younger 
individuals up to six or seven days after emergence, or rather until a meal 
of blood is secured, when the insect becomes nocturnal. Howard observ’es 
that "it prefers the blood of white races to that of dark races, and attacks 
young, vigorous persons of fine skin and good color in preference to 
anemic or aged people.” 

The eggs of the yellow-fever mosquito are deposited singly, arc dark 
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in color and each egg is surrounded by air cells (Fig. 69) . Comparatively 
few eggs are deposited at one laying, and while there may be several 
layings, the average total is probably about 100. 

Unlike the eggs of most species these can withstand desiccation to a ’ 
very marked degree, some authors declaring that this is possible for 
several months. Ordinarily the eggs hatch in about 48 hours. 

The larvae are quite robust, the breathing siphon is comparatively 
short and heavy and black (Pig. 69), and their position in the water 
is almost vertical, considerably more so than other culicine species. The 
larval stage is ordinarily passed in about 9 or 10 days under average 
conditions. 

The pupae have broadly triangular breathing trumpets. Only about 
36 hours is spent in the pupal stage. 

According to Howard the shortest period of development from egg to 
imago observed by Reed and Carroll in Cuba was nine and one-half days, 
viz.: egg stage, two days; larval stage, six days; pupal stage, 36 hours. 
From this very short period the time ranges from 11 to 18 days according 
to the same author. 

The yellow-fever mosquito breeds by preference in artificial pools of 
rain water. (It is known, however, at times to breed naturally m 
brackish water.) Rain-water barrels, tanks, cisterns, tin cans, urns, etc., 
provide suitable places, also water collected between the leaves of certain 
members of the Agave family; ornamental banana palms are often a 
great menace in this respect. 

Woke has shown that Aedes aegypli (Linn.) fed on frog-blood and 
turtle-blood produced viable eggs, and that the larvae developed nor- 
mally and produced normal adults. 

Although Aedes aegypti (Linn.) is undoubtedly the most important 
vector of yellow fever under natural conditions because of its domestic 
breeding habits, there are nevertheless a dozen other species which are 
able to transmit the disease from monkey to monkey by the bite. 
Among these are the African species Aedes luteocephalm Newstea • 
A. stokesi Evans, A. vitiattis (Bigot), A, africanus Theobald, A. 
soni Theobald; Aedes fluviatilis (Lutz), and A. scapvXaris (Rondani) 
of South America, as well as Aedes albopictns (Skuse) and {A. scute 
laris Theob.) of the Far East. 

Tribe Anophelini 

Characters. — ^The following characters are usually employed to char 
acterize the tribe Anophelini ; palpi of both sexes usually about as long ^ 
the proboscis, scutellum (Fig. 69) evenly rounded (except in 
where a slightly trilobed condition occurs) ; mandibles and maxillae o 
the females well developed and toothed; le^ very long and slender, r ^ 

L’ 
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di&tinct tibial bristles, no pulvillij abdomen without scales, or at least 
with the sternites largely bare (EJdwards) ; wings usually with distinct 
N markings. 

The tribe Anophelini has been divided into numerous genera such as 
Myzorhynchus, ATribahagia, Argyritarsis, Neomyzomyia, Myzomyia, 
and more than thirty others. Edwards and other culicidologists have 
reduced the number of genera to three — Chagasia (scutcllura slightly tri- 
lobed) , Bironella ^scutellum evenly rounded, wing with stem of median 
(M) fork wavy], and Anopheles (scutellum evenly rounded, wing with 
stem of median (M) fork straight]. 

There are three species of Ckagasia, all of tropical America. The genus 
Bironella includes but two species, both of New Guinea. The genus 
Anopheles includes about 160 species, only nine of which occur in North 
America, namely Anopheles maadipennis Meigen, A. quadnmaculatus 
Say, A. punctipennis (Say) , A. pseudopunctipennis Theobald, A. cruciarw 
Wiedemann, A. tcolfccri Theobald, A. barberi Coqusllett, A. airopos Dyar 
and Knab, and A. albimanus Wied. 

The common species rest with the proboscis, head and abdomen 
nearly in a straight line and when resting have the appearance of a splin- 
ter lifted at an angle from a surface. (Fig. 68 ) In exceptional cases, as 
in Anopheles cuUcijacies Giles of India the resUng position is Culex-hke. 
Hoffman states that A. gTcbhamii Theobald rests with its body almost 
at a right angle to the vertical surface. The hum of anophelines is dis- 
tinctly low pitched and almost inaudible unless they are close to the ear 
or in a bottle. Although most of our common anophelines are not strong 
fliers and usually take to cover even in a moderate breeze, there are 
nevertheless striking dispersal flights in several species which may carry 
numerous individuals ten or more miles from their breeding places. In 
California, Anopheles maculipenms Meigen engages in an annual dis- 
persal flight during the last two weeks in February, during which time 
much territory is invaded and eggs are deposited. As a rule this invasion 
IS futile because of unfavorable conditions, but in the main the flight 
favors the preservation and spread of the species. During this flight the 
mosquitoes bite by day even in broad sunlight. 

Although some individuals overwinter in the larval stage buried in 
mud and debris at the bottom of certain pools, the usual method of over- 
wintering is in the adult (females only) stage. This is not generally a 
true hibernation since the females bite frequently on warm days or in 
heated buildings and change their resting places from time to time 
throughout the winter (Freeborn 1932, loc. cit.) 

Mating and oviposition. — ^Fertilization of the females takes place 
almost immediately upon emergence. The males emerge first and may be 
seen dancing over or near the breeding places in small swarms apparently 
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awaiting the appearance of the fernales, which dart into the^dancing 
swarm and mating occurs. This type of mating requiring wide spaces is 
known as eurygamous, while those forms such as Anopheles {saccharovt 
Favr.) elutus Edwards which mate in confinement in a small space are 
known as stenogamous. Overwintering females are fertilized by the last 
brood of males during the autumn and the eggs are deposited soon after 
the spring dispersal flight. In certain localities at least there is a period 
when the species exists only in the larval stage, all the adults having died 
after egg deposition. There is probably only a single laying at this time. 

Under laboratory conditions the great majority of eggs are deposited 
between stmset and eleven in the evening (vicinity of Chico, California, 
May to August) , although our records show layings later at night and a 
- few during late afternoons of highly overcast humid days. The average 
number of eggs deposited by Anopheles macuUpennis Meig. is slightly 
in excess of 200, with 385 as the maximum for one laying.^® The same 
average and somewhat smaller total number for one laying was observed 
for Anopheles punctipennis (Say) ; a maximum of 321 having been ob- 
served with an average of 203.^* During 1937 the largest number in one 
batch for this species was 352, observed by Aitken. One A. punctipennis 
(Say) female deposited 500 in our laboratory in four layings from 
Mar. 2 to 22, 1938. For Anoph^es pseudopunctipennis Theobald a maxi- 
mum of 283 was observed with an average of 151. At least three batches 
of eggs may be laid during the lifetime of a female. It is of interest to 
note that in one of our observations a female A. macuUpennis Melg. de- 
posited 174 eggs in 19 minutes, an egg every six to seven seconds with 
intervening periods of rest. During the entire operation the female refltr 
ing on the surface of the water remained motionless except for the 
monotonous j erldng of the abdomen when the egg was released. The eggs 
fell in a heap beneath the insect, pearly white in color, toppling over and 
forming beautiful geometrical patterns and becoming deep brownish 
black in about 46 minutes. 

Egg characters. — The characters of anopheline eg^ used in classifi' 
cation are presence or absence of floats, position and length of the 
presence or absence of frill, also pattern. Christophers and Barraud 
classify anopheline eggs as of four types: 

1. Eggs probably of primitive type with full-float surrounding egg, 

2. Eggs with terminal frill (pseudoptmctipennia of Heims and FreebomJ, 

3. Whale-back eggs with floats separated from dorsal surface, _ # j 

4. Various types of boat-like eggs with floats touching margin of do 
surface. 

The egg of the Califonuan A. macuUpennis Meig. (Fig. 71) is fu^* 
form, slightly rounded at each OTd and tapering to the extent that one 
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end is slightly broader than the other (Herms and Frost 1931 loc. cit.). 
The upper surface is flattened with a slight longitudinal concavity, v^hile 
the lower surface is broadly convex, the convexity becoming more pro- 
nounced at the broad end of the egg. The upper surface is granular, 
bordered by a laterally striated frill 16}x in width, except at the floats, 
while the lower surface shows, under proper li^fc, a silvery reticulation. 
Medianly placed are two roughly oval lateral floats, each divided in a 
majority of cases into twelve scalloped compartments. The larger part 
of the area covered by these floats is on the lateral faces of the egg, but 
they project doraally over the margins which are described as “gunwales” 
rather aptly by one author who likens the egg to a boat. The eggs range 
in length from 592 to 656p^. The floats vary in length from 122 to 224^. 

Falleroni, Martini, Hackett and Missiroli (see Hacketfc 1934 ^ and 
Hackett and Lewis 1935 have shown that Anopheles maculipennis 
Meigen actnally comprises seven races in Europe which may be distin- 
guished primarily only by egg patterns, namely var. melanoon Hackett, 
var. messeae Falleroni, var. lypicm Meigen, var. afroparvua van Thiel, 
var. lahranchxae Falleroni and var. sn£»aiptn«« Hackett and Lewis; an- 
other, elutus, which is solid leaden colored and is considered as a valid 
species, Anopheles elutm Awards. (Fig. 71.) 

The eggs of A. punctipennU (Say) resemble those of the Californian 
A. maculipennis Meig. with these exceptions: the "frill” extends along 
the margins of the egg without interruption at the site of the floats which 
are located on the upper portion of the ventral surface, and extending 
farther along the sides of the egg, are a greater number of compart- 
ments ranging from 16 to 22 which do not converge in fan-wise fashion 
as in maculipennis. 

The eggs oi Anopheles pscudopt *' ■ * 

two different forms in California. - ' ' 

eggs as having the upper surface 

longitudinally although the lower surface shows a marked conveiaty. 
Both ends of the are rounded, one being considerably broader t an 
the other. The floats are represented by a fusiform closely appresse 
area, approximately 270n long, lying on the dorsal side of the blunt en 
This area is divided medianly by a line which is assumed to be the me 
of contact of the two floats that have been forced up from the si es. 
Lateral lines mark off each lon^tudinal half of the area into twelve sec 
tioDS representing the original compartments of the lateral floats. is 
area is so appressed that its position is not distinguishable from a la era 
view. Near ^e narrow end of the egg the membranous covering flares ou 
from the body of the to form a translucent, striated collar which com 

pletely encircles the end, with the exception of a triangular incision 
down the dorsal median line in a manner which reminds one of an over 
\ 
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sized dress collar. (Fig. 71.) The egg hangs at an angle in the water, 
supported by surface tension on the “collar.” The eggs ranged in length 
from 512 to 528p. Rozeboom ^ slates that the eggs of A. pseudopmeii- 
penms Theobald in Panama resemble Uie eggs of the Californian species 
as described by Herms and Freeborn, except that in the Panamanian 
form the floats are large and have many float ridges ; the collar-like frill 
being identical. The Panamanian eg^ ranged in length from 480 to 575p, 
the mean being 520p. 

A second form of A. pseudopunctipennis Theobald egg was described 
by Herms and Frost (loc. cit.) viz.; floats are not only present but com- 
pletely encircle the egg which Uee fiat upon the surface of the water with 
the floats extended in nearly every instance. (Fig 71.) The floats aver- 
age from 45 to 47 in number, and from 15 to 25p in width, being wider 
along the sides of the egg and narrowed at the ends. The length of the 
eggs over all ranged from 510 to 544p. 

“Anophelism without malaria.”— Hackett (Malaria in Europe) in 
Chapter II on the “Malaria Puzzle in Europe” points out that because 
of the presence of anophelines in great numbers in areas without malaria, 
various theories have been advanced to explain this. “Anophelism with- 
out malaria” is an expression now commonly used in the study of malari- 
ology. Hackett refers to such theories as (1) robust mosquitoes produced 
under unusually favorable conditions are unsusceptible to plasmodial 
infection (Alessandrint) ; (2) brackish water breeds robust anophelines 
which easily become infected, live long and are therefore most dangerous 
(Grassi) ; (3) coumarin, the active principle in a type of clover, Afelilotus 
altissima, present in clover honey, either kills sporozoites in the mosquito 
glands or protects the mosquito against infection (DBerelle); (4) 
adaptation of the maxillary tooth formula to feeding habits of the mos- 
quito,’^ i.e., increase in the number of teeth might indicate an adapta- 
tion to tough skins of larger domestic animals (zoophilisro) ; when the 
average number of teeth (maxillary index) was between fourteen and 
fifteen this race fed constantly on domestic animals and did not feed on 
man, those feeding on human blood having an index of 14 or less (Rou- 
. baud) I (5) gonotrophic dissociation refers to undeveloped ovaries in the 
female anopheliae, following a blood meal, e.g, a strain of anophelines 
which passes the winter in wane stables and houses where there is plenty 
of available food, yet is not stimulated to oviposition (Swellengrebel), 
Normally the ovaries of anopheline females develop following a blood 
mealj also the females usually undergo true hibernation without a blood 
meal. Thus A. maculipennis variety atroparws van Thiel resolves itself 
into two strains one of which shows gonotrophic dissociation and is the 
explanation of so-called "malaria houses ” i.e., when this strain "lakes up 
winter quarters in a house, it lives upon Uie family; and if the mosquito 
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should be infected or some one in the house should be a carrier, by spriag 
most of the family will have contracted malaria and will have passed it 
on to the rest of the anophelines sheltering in the house " (6) Geo^aphic 
subspecies distinguished by egg types, seven being recognized, indicating 
wide divergence in feeding and breeding habits; barred eg^ of cattle 
feeders, and eggs of more uniform pattern of malaria vectors and brack- 
ish water breeders (Falleroni and Martini, Missiroli and Hackctt). 

Breeding habits.— The breeding habits of anophelines differ coMid- 
erably for even very closely related species, e.g., the American Anop e es 
maculipennis Meigen and A. qmdrimaculatus Say, both four-spotte^ 
anophelines separable with accuracy only on differences m male terrm- 
nalia, have widely different breeding requirements, the former at m 
California breeding largely in open sunlit shallow seepap wa ^ 

latter in -impounded water with floating debris and plants, e 

races of A. maculipennis Meigen already referred to emphasize the 

of accurate knowledge; Anopfcelcs cructons Wiedemann r^ -frveo- 

fresh and saline water; A.atroposDyar and Knab and A. ^ 

bald are salt-marsh species ; A. harberi Coquillett breeds m 

puncHpennis (Say) prefers cool, clear, shady pools; A. mmimus in 

is a flowing stream breeder. . of 

The following example illustrates the very 
knowledge of breeding habits in conducting ^ AnovheUt 

Williams « points out that in the Federated 
umbTosus Theobald is the vector of malaria in the coastal piam, 
in practically stagnant water densely shaded by pg and 

tion is controlled, as Williams points out, by clearmg e . 
letting in the brilliant sunshine, or by cutting ditches an ® ^ 

water to definite channels. The same type of work w ^ ^ 
high inland plateaus increases the malaria rate, because e 
is Anopheles maculatus Theobald, which prefers the qui 
trickling streams in the open sunshine. ^ fTnfllftriainthe 

Anopheles mintmus Theobald is the principal yec Russell” 

Philippines. It breeds in small flowing streams m the gjogjng 

points out how this mosquito may be controlled by p gtreain 

and opening a dam situated about halfway along the leng ^ 

"Observations show that this simple procedure doy® „v,ovp and belo^ 
week brought about a marked reduction in larvne bo „ 

the dam, probably by stranding above and /q^eobald). 

An unusual situation is reported for Anopheles found in 

a north African and Palestinian species, in which the la (ofTibe- 

small pools and springs among stones at the edge o e 
rias). The larvae were often under the stones an no 
(Buxton 1924 **). 
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Life history. — ^Although there is much variation in the life histories 
of the species of Anopheles mosquitoes {Fig. 68) as well as considerable 
variation within the species due to temperature and other factors, the 
length of time required for development from egg to adult ia generally 
longer than in other genera. 

Incubation period. — In a series of tests in which about 20,000 eggs of 
Anopheles maculipennts Meig were used the incubation period at room 
temperature of 70'^ F. it 3® was about 72 hours. Under field conditions 
the incubation period ranged from two to four days, with an average of 
2.5 days, under which conditions the incubation period of Anopheles 
punctipennis (Say) ranged from two to six days with an average of 3 2 
days. 

The eggs of A. maculipennis Meig removed from the water and dried 
at temperatures of 74® F, and 65® F. remained viable after a period of 
desiccation not over 72 hours No hatching was obtained from eggs of 
A. punctipennis (Say) after 24 hours’ desiccation. 

Larval period. — Hatching generally look place in the experiments 
cited during the evening and night With yeast as food in distilled 
water at pH of 6.6 to 7,6 the larvae of A. maculipennis Meig. reached the 
pupal stage in fifteen to sixteen days. 

Pupal etage.-^The pupal stage requires about three days. Thus the 
entire life history from egg to adult in A. maculipennis Meig. under ex- 
perimental conditions requires about twenty-one to twenty-two days ; the 
same is true for A. punctipennis (Say) &nd A. pseudopunettpennis Theob 
Under field conditions this period may be considerably prolonged. Adult 
mosquitoes reared in the laboratory did not begin oviposition until 
thirteen to fifteen days after receiving a blood meal. 

The life cycle of Anopheles olbimanu? Wiedemann, the important 
vector of malaria of the Panama Canal Zone, has been carefully studied 
by Rozeboora.®® With room temperature between 27® and 32® C. and 
water temperature for larv’ae from 21® to 27° C., and eggs and pupae at 
27® to 30° C., the entire cycle (egg to adult) required from 18 to 24 days, 
an average of three weeks A period of seven days, or a little over, was 
necessary for the development of the ovaries, an average of 435 eggs being 
deposited; the incubation period was 40 to 48 hours; the larval stage 
required from 6 to 22 days, usually 8 to 13 days in hoy infusion water; 
the pupa! stage took 30 to 33 hours; the longest obser\-ed adult life of a 
female was 31 days, and of a male, 27 days. 

Anopheles (piadrimaculatus Say occurs in the United States from 
Mexico to Canada throughout the Mississippi Volley and east to the 
Atlantic. It is the chief vector of malaria in the eastern, central and 
southern United States. The wings have four distinct spots. According 
to Williams:” 
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ten annual broods, the first appearing from twenty to thirty days after 
the last frost, and the last brood, the tenth, if there is favorable weather 
in December. January and February he states are the only months 
when no broods emerge. 

Anopheles macuUpennis Mcigen {Figs. 72 and 73) is a widespread 
species in Europe and occurs along the northern border of the United 
States and Canada, dipping southerly along the Pacific coast into Mexico. 
Much of the literature dealing with this species on the Pacific coast is 
published under the name Anopheles occidenlalis D. and K. This species 
also has four spots on the wings, resembling A. quadrimaculatus Say so 
closely that an examinatian of the male terminalia must be used for 
differentiation. It invades houses freely. In California it breeds primar- 
ily in fresh clear seepage water, particularly the result of leakage from 



Fjo 73 — Califorsias AnopbelM: (s) A maeuttfiennii; (b) A punet$pei»tit; and 
(«) A. pitviopuutUpe»nt$. 


irrigation ditches, water pipes, and seepage from rjcc fields (Fig. 91) and 
streams. It is commonly associated with irrigation developments, hence 
is most frequently found in Cajifomia where there is farming under irri- 
gation. (Figs. 80 and 81.) It may breed in rice fields when, because of 
porous soil conditions, fresh water is continuously being added. It does 
not favor impounded water. (Figs. 74 and 75.) 

Anopheles punctipennis (Say) (Fig. 73) is said to be the most wide- 
spread anopheline in North America. The wings have black and yellow 
scales, the latter forming two spots on the costal margin, one of which is 
long and situated beyond the middle, the second smaller and near the 
apex, giving a mottled appearance to the wings. The proboscis is black 
and the palpi are unbanded. The general appearance of the body is dark 
brown. This species breeds in clear cool shaded pools. The females 
seldom enter dwellings but invade unscreened porches and bite in the 
open. 

Anopheles pseudopunctipennis TTicobald (Fig. 73) is a widespread 
species, accordingtoMatheson, extending from Argentina along the coast 
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"It breeds almost wholly in still water that is relatively dean. It regiire 
some sxmshine, never being found in dense shade. However, it req\mes sotct 
darkness, never being found in waters which are wholly unshaded, unless ttey 
have a type of flotage which casts narrow strips of shade where the larvae mj 
lie during a portion of the daylight hours. ... An ideal breeding place for 
A. quadrimaculatus Say is in freshly impounded water which floods alasa 
containing underbrush and which is sparsely covered with trees. Such a body 
of water quickly gathers flotage of dead and dying land vegetation, twigs and 
leaves, among which algae soon appear. Such flotage not only offers the req"^ 
site amount of shade, but an abundant food supply. Such an impounding vS 
not acquire a lai:ge quantity of natural enemies, such as top minnows and aquatM 
insects, for a number of years and seldom acquires enough entirely to pn:\eiit 
production of the mosquito. 

"The normal detritus passing down a narrow stream will clog the intershcts 
of a fallen tree or branch and create a dam. These natural impounded waters 



Fio. 72 —Anopheles macudpennis in the act of suckiag blood from the author i h 

are excellent breeding places for gtiadrimaculatits. Swamps 

of virgin timber, on the other band, are not good brw^g ♦ sunligl^^ 

are almost invariably covered with such a dense timber 

can reach the surface of the water only in those * 

has been made by the fall of a dead tree. Swamps of this descrip 

small seeding of guadrimaculaltts, but not enough to propaga e m 

the lumberman enters, cutting out the large trees, leavmg t e r_-gt jdcsl 

branches and the tree tops, he changes a safe water surface into o jH 

for quadrimacvlatus production. He has let in the sunshine witnouc r 

of the shade, and he has left behind waste which not only creates jveiaS* 

large portions of which tend to clog the channel which traverses w 

swamp, thus making a series of ponds.” 

The brood peaks of this species in southwestern Geo''eia 
Boyd*^ are from twenty to thirty days apart and there arc from 
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ten annual broods, the first appearing from twenty to thirty days after 
the last frost, and the last brood, the tenth, if there is favorable weather 
in December. January and February he states are the only months 
when no broods emerge. 

Anophdes macultpennis Meigen (Ff^. 72 and 73) is a widespread 
species in Europe and occurs along the ^ ' ' " t 

r'- * ^ ' ■ . . • ■ • • 

’ * ' ■ ' J opecies on the Pacific coast is 

Puuiisiieu under the name Anopheles occidentalis D. and K. This species 
also has four spots on the wings, resembling A. quadrimaeulatvs Sav so 
closely that an examination of ’ • 
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fio- TS—Caljforniia AnopheUs: (a) A. (b) A punetipeitnts; and 

(c) A. pieudovvaeltpcnau 

irrigation ditches, water pipes, and ^epage from nee fields (Fig. 91) and 
filreatns. It is commonly associate® with irrigation developments, hence 
is most frequently found in California where there is farming under irri- 
gation. (Figs. SO and 81.) It maytorced in rice fields when, because of 
porous soil coMitions, fresh water L continuously being added. It does 
not favor impjunded water. (Figs, lu and 75.) 

Anophele^unctipennis (Say) (F^- ^said to be the most wide- 
spread anopWline in North America. Thtiin^^ jj^yg black and yellow 
Ecales, the l^ier forming two spots on the r. Tw j^argin, one of which is 
long and sit ated beyond the middle, theiem emaller and near the 
apex, giving , mottled appearance to the \de^Y 
end the palp arc unbanded. The general ais a 
brown. Tbid species breeds in clear cooIweJ 
Ecldom euterWellings but invade unscreemim 
open. j f 

^nophelesLjsendopunctipennis Tbcob^al^rjg^ ^3^ jg ^ widespread 
Bpecies, according to Matheson, extending uua^ArgenUna along the coast 


1 The proboscis is black 
•iance of the body is dark 
Ued pools. The females 
porches and bite in the 
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and A, quadrimaculatus Say, totaling 1,377 specimens, compares the 
numbers of each species taken inside dwellings, under dwellings, privies, 
vacated buildings, cattle sheds, horee and mule sheds, fowl roosts and 
wagon and tool sheds. In commenting on his results he states: 

^ “It is indicated that in the three sources of direct human influence, namelj', 
inside dwellings, under dwelUngs, and in privies, the last produced the greatest 
number of specimens of A. pvnctipennis. This i^ecies comprised less than one- 
third (30 per cent) of the catch in houses, while under dwellings 62 per cent of 
the mosquitoes collected proved to be A. punctipennis. ... It has been 
observedbys — — j. . ii i,. « i 

tipennis rarel 
Oft the porch « 

sumably undi ^ ■ 

“that Anopheles (Pyretophorus) costaUs, a malaria carrier incriminated experi- 
mentally in Mauritius, prefers verandas to inner rooms and also bites in the 
open.” 

During the summer of 1920, from May 12 to July 13, daily collections 
of mosquitoes were made by the writer and his associates at Vina (North- 
ern Sacramento Valley, California), one series being indoors and the 
other outdoors. The indoor collections were made regularly in the same 
buildings consisting of a cowshed, a washhouse, showerbath, storehouse 
and dwelling, while the outdoor collections were made under a short 
wooden bridge within ten to twelve feet of an aggregation of shacks occu- 
pied by Chinese and negroes. The indoor series taken in an area where 
control measures were in progress does not represent a large number of 
mosquitoes but the fact remains that of 77 anophelines taken, 50 were 
Anopheles maculipennis Meig. (including only one male) and 27 were A. 
punctipennis (Say) (including two males) , or practically twice as many 
of the former. On the other hand, the outdoor series represented a total of 
343 anophelines of which 102 were A. maculipenn'k Meig. (42 males and 
60 females) and 241 were A. punctipennis (Say) (130 males and 111 
females) or something over twice as many as the latter. 

These collections bear out very well the general observations that A. 
maculipennis Meig. like A, guadrimaculatus Say is typically an invader 
of houses and consequently of greater importance as a malaria carrier, 
while A. punctipennis (Say) is chiefly an outdoor biter, porch biter, etc., 
and consequently probably of less importance as a malaria carrier. Dur- 
ing the entire period of two months the well-screened cottage which w^ 
occupied by our party was not invaded a single time by A. punctipennis 
(Say), while A. maculipennis Mdg. was a common visitor. Anop e es 
pseudopunctipennis Theob. is considered a field mosquito and in a i 
fomia is apparently of no consequence. As already stated it is a vec r 
of malaria in Argentina, Central America and Mexico where it inva es 
houses. 
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Key to Culicid Tribes and Genera of the United States 
(Prepared by T. H. G. Aitken after various authors) 

1. Abdomen without scales, or at least with the stemites largely bare. 
Scutellum never trilobed> crescent-shaped with the marginal setae 
evenly distributed. Palpi (mal^ and femmes) as Jong or almost as 
long as the proboscis. Tribe Anophelini, Genus Anopheles Meigen ISIS 
Abdomen with both tergites and stemites completely clothed with 
scales. Scutellum trilobed (except Megarhinini— spurious vein extends 
toward base of wing in upper basal cell from angle of R^^s). Palpi 
(females) much shorter than the proboscis 2 

2 Proboscis rigid, outer half more slender and bent backwards 

Tribe Megarhinini, Genus Megarkmus Robineau-Dcsvoidy 1827 
Proboscis more flexible, of umform thickness (unless swollen at tip), 
outer half not bent backwards .Tnbe Culicmi 3 

3. Postnotum rrith setae Genus Wyeomyia Theobald 1901 

Postnotum without setae 4 

4, Wing membrane without microlnchia. Cell Rj shorter than its stem; 

anal ’ • - • • . . . - . 


Wmg 

Anal vein extending well beyond fork of cubitus 5 


5. Post-spiracular brisUea present 6 

Post-spiracular bristles absent ... 8 


0 Pre-spiracular bristles present (even if few) 

Genus Psoropkoro RobmeaU'Dosvoidy 182“ 

PrC'Spiracular bristles absent 7 

7. Wing scales mostly narrow, or when broad, setae are present on upper 

side of base of Ri (1st vein) Genua Aedes Meigen 1818 

Wing scales broad; setae absent on upper side of Ri 

Genus Mansom'a Blanchard 1901 (Subgenera ^ferwonta, ilfansonioidea, 

ithynchotaema) 

S Pre-spiracular bristles present; lower side of base of Rj (1st vein) 

distinctly pilose Genus Theobaldia Neveu-Lemaire 1902 

Pre-spiraeular bnstics absent; lower side of base of Rj scaly or bare .. t» 

9 PulviHi present 10 

Pulvifli absent II 

10. Second joint of antenna (first flagellar) very long m both sexes, an- 
tenna of male not plumose Genus Dtmceentta Theobald 1901 

Second joint of antenna normal; sirtenna of male nearly alwaj’s plumose 
Genus Culez Linnaeus 1755 
11 Fourth joint of front tarsus very short (both sexes) *, first segment of 
front tarsi longer than the last four together 

Genus OrtAopodomyia Theobald 19(M 
Fourth joint of front tarsus not shortened in female; first segment of 
front tarsi not longer than hist four together 

Genus Mensania Blanchard 1901 (Subgenus CoquUkiCiJia] 
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Key to the Anopheline Mosquitoes of the United States 
(Prepared by T. H. G. Aitken after various authors) 


ADULTS 


1. Tarsi, especially the hind pair, marked with while; wings usually with 
four or more pale costal areas 

Anopheles (Nyssorkynehus) albtmanus Wiedemann 1821 
(Florida, Key West; Greater Antilles; Texas, Rio Grande Valley; 
Mexico; Central America; Panama; Ecuador; Venezuela; ground 
pools and brackish water) 

Tarsi dark, rarely a little while at base of first hind tarsus; wings rarely 
with more than two pale spots on costa. 

2. Wings with white or ycUowish-wbite areas along the costal margin. . . . 

Wings without such markings 

3. Wings yrith only one pale area on costal margui, located at apex; anal 
(6th) vein with three black spots 

Anopheles (Anopheles) crucians Wiedemann 1828 
(Coastal region of eastern U. S , New York to florida, Cuba, Gulf 
States, Mexico-Tampico; ground pools, preferably with some salt 
admixture) 

Wings with at least two distinct costal pale areas; anal (6th) vein not 
as above 

4. Vein R4*5 (3rd) lai^ely pale-scaled, darker on basal third and near 

apex; palpi banded A (A.) pscudopunctipenms Theobald 1901 

((IJalifomia, Oregon, Ansona, Teonessee-Memphis, southern Texas, 
Mexico, Central America, east coast of South America to Argen- 
tina; semi-permanent ground pools, recedmg creeks.) 

Vein R4+5 dark; palpi unbanded A. (A.) punctipennxs (Say) 1823 

(Southern Canada, U S , Mexican plateau, Venezuela; nearly all 
aquatic situations except leafy pools in deep woods; somewhat 
associated with shade in California.) 

5. Wmgs with distinct black spots 

Wngs Without distinct black spots 

6. Bronze or coppery spot on wing apex (California coastal form) (male 

terminaha characters better) A. (A ) rnaculipennis Meigen ISIS 

(Europe, Asia, Mexico, western U. S , British Columbia, Yukon, 
eastward through Canada, Massachusetts; fresh water ground 
pools, rice fields ) 

Wing apex uniformly black A (A ) guadrimaculatus bay 

(From Mexico north through Mississippi Valley to Canada and 
eastern seaboard ; permanent ground pools and impounded water.) 

7. Small species with rounded thorax; palpi not pale-ringed 

A (A.) barberi Coquillett 19 (m 
(E astern U S., New York southward; tree holes.) 

Moderate-sized species, normal; palpi faintly pale-ringed 

A. (A.) atropos Dyar & Knab 1^ 

' (Gulf coast of U. S . PlorWa, Mississippi, Louisiana; brackish 
pools), and A. (A.) walkeri Theobald 1901 (sparingly throug 
eastern N. America w'est to Minnesota; permanent or semipenna 
nent water containing much vegetation.) 


2 

3 

5 


4 


6 

7 
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1. One Epine on parabasal lobe; two accessory spines on prominence 
almost halfway between base and apex of bastkyle 

Anopheles (Nyssorhynchus) albimanus Wiedemann 1821 
Two spines on parabasal lobe; no accessory spines 

2. Phallosoniewithoutleaflets..ilnophefcs {Anopheles) horhenCoq 1903 


PhaUosome with leaflets 3 

3. Leaflets of phallosome serrate, two pairs 

A. (A.) pseudopuncUpennxs Theo. 1901 
Leaflets of phallosome not serrate; more than two pairs 4 

4. Claspette not bilobed, triangular in outline; basistyle with scales 

A. (A.) ervaans Wiedemann 1828 

Claspette bilobed; basistyle without scales 5 

S Spines of dorsal lobe of claspette spatulate 6 

Spines slender, spine-shape 8 


0. Inner (ventral) spine of ventral lobe of claspette longer and stouter than 
outer (dorsal) one; dististyle rvithout patch of minute, noa-papillated 

hairs at base A (A) guadrimacMlatvi Say 1824 

Outer (dorsal) epme longer and stronger than inner one; dististyle with 

patch of minute, non-papiUated hairs at base 7 

7 Basal (3rd) pair of ieaflets small and slender, about one-flftb as long as 

first pair A (A) atropos Dyar i Knab 190C 

Basal (third) pair of leaflets smallest, one-half the length of first pair 
A~(A.) tffolAcn Theobald 1901 
8. Dorsal lobe of claspette with two or three sharply pointed spines; lobe 
of ninth tergite very long and bluntly rounded at apex 

A. (A ) maculipennis Meigen 1818 
Dorsal lobe of claspette with two sharply pointed spines; lobe of ninth 
tergite short, curving upward; hairy patch of minute, non-papil!ated 
hairs at base of dististyle not so extensive as in above 

A (A ) punctipennis (Say) 1623 

LARVAE 

1 Dements of the dorsal float-hairs (palmate tufts) smooth-margined on 
abdominal segments two to seven, with sometimes a Email tuft on seg- 
ment one. . . .Anopheles (Ifyssorhynchus) aibimanus Wiedemann 1821 
Elements of dorsal float-hairs notched toward tip; tufts never present 

on abdominal segment one 2 

2 Abdomen with plumose lateral hairs on first six segments; head with 
small simple hairs only. . . . .Anopheles (Anopheles) barberi Coq 1903 
Abdomen with plumose lateral b^rs on first three segments only; head 


with plumose hairs 3 

3 Both inner and outer clypcaJ hairs sunple, not branched 

A. {A.) pseudopunctipertnis Theobald 1901 
Outer clypeal hair branched, fan-hke; inner hair simple 4 

4. Abdomen with six pairs of dorsal float-haira 6 

Abdomen with five pairs of dorsal floal-hsirs C 

5. Mandible with deven Icnmaal teeth; six branched hairs on mandible, 
arranged in an outward proieeling row 

A. (A } ynadnmaculol'us Say 1824 
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Mandibles with nine terminal teeth; ten branched hairs on mandible, 
arranged in a forward projecting row. . ,A. (A.) tcalken Theobald 1901 

6. Lateral plate of eghth abdominal segment with 17-22 teeth or sci'cn 

of which are longer than the rest) A. (A.) punctipennxs (Say) 1S23 

Lateral plate of eighth abdominal segment with 22-29 teeth (eight or nine 
of which are longer than the rest) A. (/I.) mccuHpennia Jleigen ISIS 
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CHAPTER XII- 


MOSQUITOES AS VECTORS OF DISEASE 
A. Mai>aria 

Malaria. — Malaria la a widely distributed disease, prevalent to a 
greater or less degree on every continent and on many islands of the seas. 
It is considered to be the most important disease of man. In the United 
States alone where malaria is on a rapid decline there were an estimated 
900,000 cases in 1935 * and approximately 3,900 deaths were reported for 
1934 in 13 southern states - Its presence is dependent upon a complex of 
environmental factors favorable to the development of large numbers of 
malaria-bearing mosquitoes as well as to the parasites causing the dis- 
ease. Temperature, particularly as it affects the development of the plas- 
modium in the mosquito, and humidity as it affects the life of the latter, 
are important factors: a mean summer isotherm of 15^ to 16® 0. in 
general limits its geographical distribution fairly well. The distribution 
of malaria is also dependent to a large degree upon rainfall; however, 
naturally arid regions may be seriously affected by imperfections in 
irrigation if this is practiced. Although lowlands arc more likely to be 
affected, this does not hold as a general rule, because one or more im- 
portant factors may be lacking so as to render lowlands quite immune; 
also the disease may occur at high elevations (9/)00 feet in Quito) under 
favorable circumstances; the writer found endemic malaria in California 
at an elevation of about 5,500 feet. 

Few diseases have so large a list of synonyms; among these are ague, 
chills and fever, jungle fever, paludism, marsh fever, remittent fever, 
intermittent fever, W cchsclfiebcr, Kaltesfieber, etc. The sjTnptoms, even 
though slight, arc usually manifested as o more or less regularly appear- 
ing paroxysm consisting of three fairly well-defined stages, vis.; the 
coldstagc (the chill) in which the skin becomes pale and has the appear- 
ance of "gooseflesh,” the patient’s teeth may chatter, and he may shi^'cr 
more or less violently; the next stage is the hot stage, or fever, the 
temperature rising during the chill, the skm is hot and flushed; the tliird 
stage is marked by the appearance of a general perspiration, the fever 
falls, and the temperature approaches normal. The entire panoxj'sm may 
last but a few hours. In many cases the stages are not well marked, 
neither do the paroxysms recur atcxacily thceame interv’al. The intcn’al 
depends largely on the type of infection. IVhen the paroxy’em occurs 
195 



196 MEDICAL ENTOMOLOGY 

at intervals of 24 hours, as is often true in the early stages of infection 
or in multiple infections, it is quotidian’, when the interval is 48 hours or 
every third day it is tertian; and when the interval is 72 hours or every 
fourth day, it is quartan. 

The disease is caused by infection with one or more of several species 
of blood-inhabiting protozoa belonging to the genus Plasmodium. Boyd,* 
whose “Introduction to Malariology” should be read by all students 
interested in malaria, wisely points out that under the clinical term 
“malaria,” we are in reality confusing three diseases, which while pro- 
duced by similar parasites and having similar means of transmission, 
possess certain individual characteristics. These parasites attack the red 
blood corpuscles, destroying them while reproducing asexually; this 
asexual reproduction or sporulation occurs at more or less regular inter- 
vals, i.e., 48 or 72 hours, depending upon the species of Plasmodium. The 
infection, according to Reed,^ results in (1) changes in organs, such as 
enlargement of the spleen and liver, heart involvements, “capillaries in 
the brain and pia in fatal subtertian cases are found congested or blocked 
by Bchizonts and sporulating forms of plasmodia, with punctiform 
hemorrhages in the white matter of the cerebral cortex” ; (2) leucopenia 
with increase of mononuclears and varying degrees of anaemia as the 
result of direct destruction of red cells by plasmodia and indirect degen- 
eration of others ; (3) malarial pigment (melanin) in macrophages in the 
splenic sinuses is characteristic as are also the heavy pigment deposits in 
the cells in the splenic vein and liver (Reed) ; it is the same pigment as 
that produced in the red cells by the plasmodia and released with the 
rupture of infected red cells; (4) changes in physiology such as periodic 
febrile paroxysms which are quite regular in benign tertian malaria but 
because of irregular maturing of plasmodia the periodicity of the par- 
oxysms is often concealed in subtertian malaria; focal symptomatolo^ 
due to localization in subtertian tPlasmodium falciparum (Welch)] 
arising from the “sticky tendency” of parasitized red cells which causes 
agglutination and blockage; (5) malaria cachexia, a chronic condition 

following repeated malarial attacks; (6) immunity in children; however, 

this is often lacking— it is perhaps racial, or it may be dependent upon 
the frequency of infections. True antibodies have not been demonstrate . 

Historical. — Malaria, while not receiving its name until themd e 
of the eighteenth century, has been known for many centuries, 
rates having divided periodic fevers into quotidian (daily)> t® 

(every third day) and quartan (every fourth day) . The fable of Hercu es 
and the Hydra is believed to refer to malaria. The successful trea men 
of malaria dates back to before the seventeenth century. The Coun ^ 
de Chinchdn, the wife of the Viceroy of Peru, is said tohave been c 
of fever in 1638 by the use of the bark from a certain tree. This ar 
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was introduced into Europe in 1640 and in 1741 Linn4 named il “cin- 
chona” in honor of the Countess. In 1753 Torti named the disease 
"malaria,” believing it to he air-borne and emanating from the bad air 
{mal aria) rising from swamps and marshes. Credit for the discoverj* of 
the causal agent in 1880 belongs to C. L. A. Laveran, a French army 
surgeon who was then stationed in Algeria. Although the mosquito trans- 
mission theory is said to have been held for many years among the Italian 
and Tyrolese peasants and the natives of what was formerly German 
East Africa, the first well-formulated mosquito-malaria theory was ad- 
vanced by Dr, A. F. A. King in 1883 ® In 1885 and 1886 Golgi ® discovered 
that the course of the fevers corresponded to the development of the para- 
sites in the blood coipuscles and particularly to their periodic sporulation. 
He demonstrated this for both the quartan and tertian parasites. 

Manson expressed a strong belief in the malaria-mosquito theory as 
early as 1884, and it was his sustained guidance and encouragement that 
carried the late Sir Ronald Ross ’ on to those brilliant discoveries in India 
in 1897 that definitely incriminated mosquitoes as vectors of malaria, 
and twice won for him the Nobel prize. Although Ross made important 
discoveries with human malaria and anopheline mosquitoes, his chief 
discovery was the life history of the parasite of bird malaria in a cuUcine 
mosquito. 

Great credit is due MacCallum* for his discovery m 1897 that the 
fiageUated bodies which Ross had found in the intestines of mosquitoes 
were actually male parasites and that these fertilize the female cells, thus 
giving the clue to the nature of the pigmented cells in the stomach wall 
of the mosquitoes, MacCallum actually observed the process of fertiliza- 
tion in blood taken from a patient suffering from aeslivo-aulumnal ma- 
laria. After describing the process of flagellation in the bird infection and 
entrance of the “flagellum” into the granular round form, MacCallum 
remarks (p, 126}, "Hove we not here, without much doubt, a sexual 
process in the organisms the result of which is the motile vermiculus. , . . 
We can thus consider the two forms of adult organism found in the fresh 
blood ns male and female, the granular form containing more chromato- 
philic substance than the hyaline male form, which we may now say gives 
up its life in the production of four or more spermatozoa or flagella.” 

In an addendum MacCallum (loc. cU.) states that he had 

"examined the blood ot a woman suffering from an infection with the aestivo- 
autumnal type of organism, in which a great number of crescents were to be 
seen. These in a freshly tsailc slide 6f bl<^, with very few exceptions, retained 
their cnsccntie sli-ipe for only a few minutes. They soon drew themselves up, 
thus straightening out the cunx of the crescent nhde shortening thnnsehes 
into the wdl-known ovoid form. After the lapse of 30 to 12 minutes most of 
them were quite round and ex(ra-con’“seii3*r, the 'bib’ lying beside them as a 
delicate circle or 'ebadow’ of the red corpusde. 
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“Aiter 20 to 25 rmnutes cert^ ones of these spherical forms became 
f^ellated; others, and ^ecially those in which the pigment formed a definite 
ring and was not diffused throughout the organism, remained quiet and did not 
become flagellated. Tti « •!»« «»* — 

*1. . n «< , 1 • . . . ■ . 


■ ■ ‘ • • ng around. The rest were refused 

admission, but swarmed about, beating their heads against the wall of the 
organism. This occurred after 35 to 45 minutes 

"After the entrance of the flagdium the organism again became quiet and 
rather swollen, but although in the two instances in which this process was 
traced, the fertilized form was watched for a long time, no form analogoiia to 
the ‘venniculus’ was seen.” 


During this same period of intensive discovery in the field of malaria 
Grass! ® and associates proved that human malaria is transmitted by a 
particular genus of mosquito, namely. Anopheles. 

In 1900 at the suggestion of Sir Patrick Manson, Sambon and IjOw 
built a mosquito-proof hut in the Roman Campagna, in which they lived 
during the most malarial months of that year without contracting ma- 
laria, taking precautions against mosquito bites by promptly retiring 
within doors at sunset, otherwise living as did the natives. At this time 
these investigators sent infected Ano^helti mosquitoes from the Roman 
Campagna to London, where Dr. Mnnson’s son, Dr. P. Thurbum Man- 
son and Mr. George Warren permitted themselves to be bitten by these 
mosquitoes and "shortly afterwards both of these gentlemen, neither of 
whom had been abroad or otherwise exposed to malarial influences, de- 
veloped characteristic malarial fever, and malarial parasites were found 
in abundance in their blood, both at that time and on the occurrence of 
the several relapses of malarial fever from which they subsequently 
suffered. The mosquito-malaria theory has now, therefore, passed from 
the region of conjecture to that of fact.” 

Bass and Johns “ in 1912 were the first to rear successfully the 


tnaleria parasite -in vitro. 

The plasmodia. — The causal oi^anisms of malaria belong to he 
genus 'Plasmodium of the family Plasmodiidae, suborder Haeinospon 
diidea, order Coccidiida, class Sporozoa, Phylum Protozoa. Th^ aie 
blood-inhabiting parasites, passing their asexual cycle and deve opmg 
gametocytes within the red blood corpuscles of the host where they pro 
duce a characteristic pigment. . 

If parasites are present in the blood they should be visible, a e 
proper staining (Giemsa, Leishman, Wright’s), on careful 
examination, as pigmented intracorpuscular bodies in the form o , 
rings, ameboid organisms, or aa crescents in aestivo-autumnal feve 
10 or more days’ duration. 
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Ross*^ states that the parasites “will not generally be 'numerous 
enough to cause illness unless there is atjeast one parasite to 100,000 
haematids; that is, 50 parasites in 1 c.nim. of blood; or 150,000,000 in a 
man 64 kilograms (142 pounds) in weight. . . . Such calculations demons 
slrate the absurdity of supposing that there are no plasmodia present in a 
person because we fail in finding one after a few minutes' search. As a 
matter of fact, even if as many as 150,000,000 plasmodia are present in 
an average man, the chances are that ten to fifteen minutes' search will 
be required for each plasmodium found; n'hile if we are careless or 
unfortunate, we may have to look much longer.” 

a. Plasmodium falciparum (Welch 1897) {Plasmodium praecox 
Blanchard 1900) is the causative organism of aestivo-autumnal fever 
(subtertian) of the tropics and subtropics, which is the most severe form 
of malaria, often resulting fatally. Although it is a ferfion fever there is 
considerable irregularity in the occurrence and duration of the febrile 
stage owing to a corresponding irregularity in the sporulation of the para- 
sites, schizogony usually requiring about 48 hours, though often less. The 
infected red corpuscles are usually normal in size, though some may be 
slightly shrunken, often crenated and rather dark green (brassy). The 
intracorpuscular parasite in al! its stages is small (not over two-thirds 
the size of a corpuscle) and fairly ovoid in outline; the pigment is darker 
than in other forms ; clumps early in coarse granules, and "Maurer's dots” 
appear in the corpuscles in the later stages. The signet nng is thin and 
small and the chromatin dot is commonly double and out of line with the 
ring. There may be two and even four signet rings in one red corpuscle. 
The segmented state, rarely if ever seen m the peripheral blood, produces 
from eight to twenty-four meroroxles. Characteristic crescent-shaped or 
kidney-shaped bodies appear m the penpheral blood m about 10 days 
after infection ; these are the sexual forms (ffamctocyles) and occur in 
this species of Plasmodium only. The macrogamefocyte or female fonn, 
measuring from 10 to 15p, shows the chromatin granules well concen- 
trated in the mid-region, while the microgametocyte or male form, 
measuring from 7 to lOji, has a more hyaline appearance. A remnant of 
the red blood corpuscle often remains slung from the opposite ends of the 
crescent and forms the so-called "bib.” 

6. Plasmodium vivax (Grassi end Feletti 1899) is the cause of tertian 
fever of temperate climates, which occurs also abundantly m the tropics 
and subtropics, with regularly recurrent paroxj’sms everj" 48 hours. The 
parasitized corpuscles arc dislmctly enlarged, quite pale, and contain 
fine pigment granules known ns “Schiiffner's dots." The signet ring is 
large and conspicuous and the dot is in ime with the ring and rarely 
double. The fully grown merocytes or sekisonts are verj* irregular and 
bizarre in form. The number of elements, merozoites, in the sporulating 
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or segmented stage commonly seen in the peripheral blood is from 12 to 
24 (usually about 16) and their arrangement is irregular. Sporulation 
occurs regularly every 48 hours. There are no “crescents’' in this species; 
the gametocytes are round or oval in form, filling practically the entire 
red cell ■when lull gro-wn. The macrogametotyte has the chromatin ar- 
ranged in a compact mass; the microgomefocyfe has the pigment well 
distributed and presents a more hyaline appearance. 

c. Plasmodium malariae (I/averan 1881) is the cause of quartan 
fever, with recurrent paroxysms every 72 hours. This form of malaria 
is much less common but coincides in distribution with aestivo-autumnal 
fever. The pigment is coarse and generally occurs in marginal strealcs. 
The paraaitiaed corpuscles are usually normal in size, and the parasite 
is small and more or less oval in shape though when partly grown it fre- 
quently extends across the equator of the corpuscle in the form of a band. 
The ring-forms have one vacuole and usually one dot. The gametocytes 
are rarely seen. The segmenting stage gives rise to the typical “daisy” 
form, each sporulated body radiating from the center, The number of 
bodies varies from 6 to 12, usually eight. Sporulation occurs every 72 
hours. The gametocytes resemble those of Plosmodiutn viuar. 

d. Plasmodium ovale Stephens 1922 is the cause of a mild form of 
tertian fever in Africa. The name is due to the oval shape which is gen- 
erally assumed by the parasite as well as the infected corpuscles. The 
infected corpuscles do not become enlarged. The pigrnent is dark and. 
granular and “SchuSner’s dots" ure present in all stages. The mero- 
zoitfis range from 8 to 12 in number. 

Life history of the Plasmodium. — The life history of the malaria 
Plasmodium involves two distinct cycles; first, the asewal, also known 
as the human cycle, cycle of Golgi,” or schisogonic cycle ; and, secondly , 
the sexual, also known as the mosquito cycle, cycle of Boss or sporogonic 
cycle. 

The aseruai cycle (Fig. 76) , accomplished in the blood of man, begins 
with the introduction of spindle-shaped sporozoites injected into the cir- 
culation with the bite of the anopheUne mosquito. Each sporozoite no 
destroyed by leucocytes at once enters a red cell, where H (nowkno'wnas 
a trophozoite) quickly goes into the sipnet ring stage, growing tapi y 
until the corpuscle is more or less filled depending upon the species o 
parasite, and it is then known as a merocyte. The full-grown meroc^e 
(also known as a schizont) now divide into a larger or smaller nura er 
of bodies (also depending upon the species) which are then libera , 
and when free in the plasma are known as merozoites. The time 
for this sporulation is from 24 to 72 hours according to the species, ac 
merosoito unless destroyed by leucocytes now attaches itself to and gra 
ually enters another red cell and ag^in the cycle repeats itself unti ® 
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Fio 70 — Th<' Iftf cycle of Platmo^itim faleipai 
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infection is great enough to produce a paroxysm, i.c., in from 6 to 12 days, 
commonly about 10 days. The paroxysms arc due to the sudden libera- 
tion of end products. 

The great majority of the mcrowilcs arc asexual, but some of them 
are potential males and females^ which require a longer time, probsWy 
not less than 10 days, to develop to their full growth, and are then known 
as gametocyUs. In Plasmodium vivax the sexual forms are not easily 
recognized; however, the following characters are useful: “(1) their 
larger size, (2) more abundant pigment, (3) there is usually only one 
fairly large chromatin mass, whereas in an asexual form {schizont) of 
nearly equal size the chromatin has already begun to divide into several 
portions (segmenting stage)” (Stephens and Christophers). InP.falci- 
parum the sexual individuals are in the form of crescents. The female 
Crescent (macrogamctocyte) has the pigment collected at the center, 
while the male crescent (microgamctocytc) has the pigment scattered 
throughout and is knoum ns a hyaline crescent. 

With complete development of the gametocytes all is ready for the 
next cycle (the sexual) which can only be completed within the body of 
certain species of anophclinc mosquitoes. In the meantime the asexual 
cycle is repeated until senescence of the parasite occurs or unless quinine 
or another plasmodiacide is taken to destroy them. The gametocytes are 
not easily destroyed, persisting in the body for long periods of time, dur- 
ing which time the infected person is a carrier. A person eventually 
removed from reinfection becomes rid of malaria because of the senes- 
cence which naturally results from continued sporulation without 
sexual intervention or rejuvenation in the mosquito. It is believed that 
this senescence or eventual dying off of the nonsexual forms is due to the 
town produced by the organisms reacting upon themselves. 

The sexual cycle is necessary to the life of the species. It is a well- 
known fact that the male gametocyte extrudes flagella when raalarial 
blood is exposed to the air, as when in contact with a glass slide. The 
parasites when thus taken from their normal habitat invariably die 
within a few minutes, unless a special medium is employed; e g.> that 
devised by Bass and Johns (loc. cit.) in which the asexual cycle may be 
observed outside of the human body. 

Sexual development, the cycle of Ross (Fig. 76) , has only been ob- 
served in certain female anophclinc mosquitoes; in the stomach of which 
flagellation of the male gametocyte takes place. After a peripheral ar- 
rangement of the chromatin (in clumps corresponding to the number of 
flagella) there are extruded from three to six long slender filaments 
(flagella) , each of which breaks loose from the parent body^ (exflagella- 
tion), forming the male gamete {miefogamete) corresponding in func- 
tion to the spermatozoon of bighnr animals. The female gametocyfe» 
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now known as the macrogamete, having been taken into the stomach 
of the mosquito with the microgametocytes in the act of sucking Wood, 
also undergoes certain changes (maturation) , becoming rounded or oval 
in form with the chromatin mass centrally located. In this condition and 
still in the stomach of the mosquito, the raicrogamete conjugates with 
the macrogamete, producing the zygote, which soon becomes motile and 
is then known as the ookinete or vcrmiculus, in which stage the epithe- 
lium of the stomach is penetrated and a position is shortly taken up just 
beneath the peritoneal membrane. Based on his studies of the plasmodia 
of birds Huff points out that this penetration of the stomach wall 



Flo. 78 — Shows & bursting plasmodial cyst on stomach of mosquito Spindle-shapeJ 
sporozoites being liberated. (Greatly magnified) (Photo by llayne.) 


“is not a boring process, for this zygote has lost its pointed ends long before the 
penetration begins When the obkinetes are first found in the vicinity of the 
stomach wall, they are lying parallel to it and in the serous mucoid layer adjacen 
to the cells of the stomach wall As the parasite grows, it becomes relative y 
thicker and gradually forces two of the stomach cells apart. It gradually hecomM 
more spherical and forces the stomach cells apart nearer and nearer the ou si 
of the stomach wall The stomach cdls now begin to come back to their ongio* 
positions on the inner side. Finally the parasite, now an oocyst, comes to 
under the outer envelope of the stomach.” 

In this position the parasite grows enormously, forming an oocyst (Fig- 
77) in which many nuclei appear in from four to five days. These tiny 
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nucleated bodies give rise to hundreds of spindle-shaped orgaiii«ins 
{sporozoites) whicii are shed into the body cavity of tlie mosquito in from 
24 to 48 hours (Fig. 78). The majority of the sporozoites eventually 
collect in the salivary glands, remaining there until the mosquito bites 
again, when many of them may be injected with the saliva into the 
wound. The time required for the completion of the sexual cycle varies 
from 7 to JO da3's under favorable conditions. Once infected the mosquito 
probably remains infected and infective for the rest of its life. 

Anopheles infectivity experiments. — Contrary to a widespread be- 
lief, not all anophelines are able to transmit malaria. Kindle points 
out that, "the first instance of an Anopheles being shown not to transmit 
malaria was in the case of the common Indian species Anopheles subpic- 
fus (rossi) Grassi. This species is found quite commonly in very large 
numbers associated with every degree of prevalence of malaria, but it 
has not been shown to act as a transmitting agent (m India) under 
natural conditions, though it can be infected experimentally " The 
writer has seen enormous numbers of A. pseudopunctipenms Theobald in 
certain parts of California under presumably favorable climatic and 
population conditions and yet malaria was practically absent while in 
other near-by loeahtiee, n-here w oddttwn to the aboi’e either .4. punch- 
penma (Say) or A. maculipennxs Meig , or both, were present even m 
comparatively email numbers, endemic malaria occurred. Furthermore, 
the several species of Anopheles do not all equally favor the several 
species of malaria plasmodia, thus A. tnacuhpcnms I^Ieig and A. quadrt- 
tnaculahts Say are known to be carriers of all species of plasmodia 
(Beyer, et al.,** Thayer,” King**) while A punchpennis (Say) is a 
strong carrier of the tertian parasite and a very weak one (probably 
negligible) for the aestivo-autumnal parasite (Darling”). Anophebim 
without malaria is discussed in the previous cJiaptcr. 

The following experiment made by Mayne (MiUmam *”) illustrates 
a procedure in infectivity experiments: 

"For the purpose of this study, 338 specimens of Anopheles punciipennvs 
were collected in barns and etables at Talladega Springs, Ala , Jjnuarj* 7-15, 
1916, and transported m cages to the New Orleans laboratory (The improba- 
bility of infection of ‘wild’ Anopheles mosquitoes in this section and during this 
season seemed to warrant their use in conducting these expenments) The 
feeble and dead mosquitoes were withdrawn upon amva! and either used for 
smear preparations or dissected in the usual manner for the purpose of exanijn.i- 
tion for malarial parasites One hundred and mty-®jx mosquitoes were sepa- 
rately suspended in a drop of sahne dissecting medium on a slide and the 
abdominal and thoracic content.’! were teased out. Smears were then nude from 
eaeh and stained over night in a weak Gtemsa stain 

"One hundred and tnenty-sic specimens were fc<l on a healthy per.’^n .it 
least once each, then dis'ccffd duntig a period of 20 Jays The remits in a!) 
instances failed to indicate the presence of any pb^modwl infection 
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termination of wMch period (February 6 and 7) mosquitoes were applied to 
the patient. 

"The paucity of sexual paraates in the Wood of the donor may be appre- 
ciated from the counts made in a thick film and a thin film prepared February 7. 
In the two preparations 1,231 leucocytes were counted and the matured gameto* 
cytes encountered numbered two, an average of one gametocyte to 616 leuco- 
cytes In addition to these there were observed in the two blood gjecimens 48 
half-grown gametocytes and 5 ranpng in size from three-fourths to nearly 
full-grown forms. At the time of these examinations the patient bad been 
started on a course of quinine treatment. 

“Forty specimens of Anopheles punctipennis were applied to the tertiaD 
donor in two lots on February 6 and 7, 3916; 20 of these died within five days 
and were dissected. Ookinetes were observed in at least eight of these, from which 
smear preparations’ were made. Twenty mosquitoes were dissected during a 
developmental period ranging from 6 to 25 days. - 

"During the course of the experiment raisins and water were furnished as 
food, while the mosquitoes were subjected, prior to the 10th day, to an incubator 
temperature of 25.5®-26® C. Thirteen of this lot of 30 (equal to 32 5 per cent) 
became infected. 

"In order to eliminate any possibility of doubt as to the nature o! me 
parasites harbored by the mosquitoes and as a further check on the infecUvity 
of Anopheles punctipennis, three healthy persons volunteered to permit bitfflg 
of these mosquitoes. Four specimens were selected for the purpose, namriy. 
Nos 18, 23, 24 and 25. The first volunl^r (H. E. H.) was bitten Februa^ 1 
by all four of the mosqiiitoes applied. At this time the mosquitoes had been 
infected 10 days. In this feeding, the mosquitoes were not permitted to 
themselves but were applied a sufficient length of time to convince the 
and the host that blood was being withdrawn. Directly after the biting, ^ 
distinct moderate-sized macules developed on the arm at the site of application 
Nine days elapsed before the volunteer experienced prodromal symptoms 
any kind. The first paroxysm was observed 14 days after the bitbg and j 
of Plasmodium vivax were found in the blood of H. B. H. on March 3 a» 
March 4 . v j f,pen 

“H. E. H was employed previously m feeding mosquitoes which 
given the opportunity of becoming infected in two experiments from subU 
crescent carriers. More than 200 specimens of Anopheles punctipennis naa 
used in an attempt to transmit gubtertian infection, with negative . 

volunteer, H. E. H., remained healthy throi^bout this test and 
for four months prior to the tertian transmission experiment. In the « 
infection the disease took its usual course and prompt recovery foUowe 
use of therapeutic doses of quinine. ^ . . .tg 

"Two of the mosquitoes, namely, Nos 23 and 24, were induced to m 
second volunteer, Dr. H. A. T., February 18. These were 

vigorously to a point of repletion. The mosquitoes at this time had beenm ^ 

for a period of 11 days. After an incubation period of 14 days, Dr. it- • 
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experienced a distinct paroxysm; also on the same day parasites of tertian 
malaria {Plasmodium vivax) were found in his blood. 

"A third volunteer, Dr. R. C. D, was bitten February 21 by mosquitoes 
Nos. 24 and 25, 14 days after they bad received an opportunity to become 
infected. The two specimens were applied to the arm so that they did not 
become engorged (interrupted feeding); the labia of both were oteerved to 
be inserted to the extreme before the mouths were withdrawn Each bite required 
40 seconds of time, resulting m distinct macules at the point of inoculation. 

‘‘An incubation period of 14 days followed in this case, with prodromata and 
the usual symptoms of chill followed by fever A slight paroxysm was expe- 
rienced on March 4, and parasites were observed March 5 Distinct tertian 
rings (P. vivoi) were demonstrated m the blood of the volunteer in two speci- 
mens examined at five-hour intervals on the second day after onset." 

Number of persons infected by one mosquito. — It is important to 
know whether an Anopheles onee infected can infect more than one per- 
son without again feeding on infective blood. For example, country- 
school privies as the writer has often observed may be infested with 
Anopheles mosquitoes and the opportunity is given many of them to 
bite different persons in quick succession. In a most instructive series 
of experiments conducted by ^faync (Mitsmain **) he reports that one 
mosquito proved to be the sole infecting agent in three cases. MUzraain 
used Anopheles punctipennis (Say) with Plasmodium vivax. Ho also 
demonstrated in eleven e.xperimcnts that short e.rposurc to bites was 
sufficient to cause successful transmission of the disease. 

Effect of temperature on parasites. — In spite of the fact that all 
conditions are apparently favorable — numerous anopheline carriers to- 
gether with ample human population with sufficient carriers of piss- 
media! gametocytes— yet active malaria may be largely or wholly absent 
in particular localities'." (See previous chapter.) An analysis of condi- 
tions will usually reveal the fact that the average temperature is low due 
to normally cool nights although the days may be fairly wann, or because 
of prevalent cool fogs. It is generally pointed out that malaria gameto- 
cytes cannot develop successfully within the body of the mosquito host 
below n temperature of about 60° F It is nevertheless a matter of inter- 
est to know that King ** observed the sunival of the parasite of tertian 
malaria in the mosquito host (Anopheles gvadnmaculaius Say) at a 
temperature of 30° F. for a period of two dal's, at 31® F for four days, 
and at 46° F. for 17 days, and the parasite of acstivo-autumnal malaria 
survived a temperature of 35° F. for 24 bourn. 

In addition to the retardation and eventual complete inhibition of 
plasmodial development, temperature also plays an important r61e 
in the biology of anophcHncs, although the insect is able to endure 
much lower temperatures and is able to go into hibernation in cold 
climates. 
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Hibernating anophelines not carriers. — ^Hibernation of the anoph- 
cline host presents the problem of the overwintering of the parasite. 
!Mayne (Mitzmain^®) again comes forward with an excellent discussion 
of the question, 'Ts mosquito or man the winter carrier of malaria organ- 
isms?” He reaches the conclusions that 

"hibernating Anopheles, collected in the region investigated (northwestern 
Mississippi!, did not harbor parasites of malaria. This was determined after an 
examination of 2,122 dissected anophelines, of which 1,211 specimens were 
examined before May 15, 1915. Among the remaining 911 specimens, serving as 
a malaria indicator for the spring season, 3 mosquitoes, betw-ecn May 15 and 
May 26, were definitely shown to contain oocysts, indistinguishable from those 
scon in mosquitoes experimentally infected with human malaria. 

“In the investigation of man as the responsible winter carrier, 1,1S4 persons, 
residing on the plantations selected, were examined for malaria parasites. Four 
hundred and ninety-two infections were identified microscopically; 317 cases 
were of the sublertian type, 8 were mixed infections, and the remainder were 
of the simple tertian type, with the exception of one quartan case. 

"In the consideration of these infections on important fact stands out’ 
nearly one-/ourtA (S4-S per cent} of the human carriers harbored gametoeytes 

'Tt was proved that from a group of 103 persons, examined in March, 1915, 

8 of the 15 gametocyte carriere identified .were similarly infected during the 
preceding fall. 

"The incrimination of man as the sole winter carrier is emphasired by the 
fact that 3 malaria-infected Anopheles quadrimaculatus were found in the homes 
of these gametocyte carriers during May 15 to May 20, previous to which time 
1,180 specimens of Anopheles from this source were found to be negative. 

Anophelines overwintering in warm stables and homes as explained 
in the previous chapter under races of Anopheles maculipennis McJg' 
may nevertheless play an important though highly circumscribed role m 
the transmission of malaria. 

Anopheline vectors of malaria. — Covell,®^ who has critically re- 
^ viewed the recorded data regarding the transmission of malaria by van* 
ous species of Anopheles mosquitoes, points out that many species are 
possible vectors under certain conditions, yet the principal role is playe 
by comparatively few. It is interesting to note that Covell calls attention 
to the fact that the bare record of dissections without knowledge of copdj* 
tions such as human or animal habitations, season, etc., is of but lit ^ 
value, as is the finding of scanty gut infections. Also the fact that a spe 
cies may be infected under laboratory conditions does not prove it is o 
sanitary importance. Knowledge of the preference of a species for human 
blood is valuable. The discovery of sporozoites under natural conditions 
is of the greatest importance. Examination of the gut only without ^ 
salivary glands is regarded as illogical. It is pointed out that g ^ 
examination besides disclosing the most valuable evidence as rega » 
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transmission and longevity lias the great advantage that the speci- 
men may be very easily and rapidly made into a permanent prepara- 
tion by merely making a smear and staining it wth Giesma’s stain 
. . . (also) the results of dissecting . . . may be confirmed later if 
desired.” 

It is interesting to know that of the nearly 170 species of Anopheles 
only the following 26 are considered to be important vectors of malaria 
Covell lists the chief malaria-carrying anophelines of the world as 
follows: 

United States, Anopheles quadnmaculalus Say and A. macuUpennis 
Meig. (Pacific coast); Mexico, A. nlbimanas Wied , A. pseudopuncti' 
pennis Theo., A. quadrimaculatus Say; Central America, A. albimanus 
Wicd.fA. torsimacuIatusGoeld., South America, A.fllbimanns Wied ,A. 
albifarsts L. A., A. pseudopuncttpennis Theo., A. tarsimaculatus Goeld ; 
Europe, A. macuUpennis Meig., A. superpictus Grassi, A. elutus Ed- 
wards; Africa, A. ‘macv.lipennxs Meig., A. algenensis Theo., A super- 
pictus Grassi, A, gambiae (costalts) Giles, A. funestus Giles, A. moucheti 
Evans, A. nUi Theo.; Asia, A. mocuhpennts Meig., A. clutus Edwards, 
A. serfienh (Theo.), A. ^omfatoc Giles, A stepAensi Liston, A cuh'ci/ocics 
Giles, A. fiuviatilis James, A. mmtmus Theo., A. maculatus Theo., A. 
ludlot&i Theo., A. umbrosus Tlico.; East Indian Archipelago, A. ludlowi 
Theo., A. maculatus Theo , A. acomtus D'omtz, A. umbrosus Theo., A. 
hyreanus (sinensis) (Pallas), A. leucospkyrus Donitz; Australia, Mel- 
anesia and Polynesia, A, punctulatus Donits. Since the r&uro§ made by 
Covell several other species of the genus have been shown to be important 
vectors; among these A. phihppinensts Ludlow in Bengal and A. super- 
pictus Grassi for the Northwest Frontier of India. (Christophers, Sinton 
and Covell, 1936.) 

Malaria surveys — ^Although on inquiry' into the facts about malaria 
in some particular area may be described as a sur^'cy, Christophers, Sin- 
ton and Coveil (third edition revised by Sinton)*’ point out that “it is 
far from being merely routine or mechanical ” These authors point out 
that the circumstances affecting malaria arc so varied “with its tnple- 
linked chain of man, the parasite, and the mosquito, os %%-cll os oil the 
various factors infiuencing this chain, that in the present state of our 
knowledge a malaria survey is almost always a true piece of research 
work. Such a survey is intended to guide policy and action . . . but it 
does not always follow that something can be done.” Boyd (loc. cit.) in 
his excellent chapter (Hi) on “malaria aurveys" points out that surveys 
should be made only during or yusl foltowing the usual malana season, 
since the anophclinc problem must be studied simultaneously. Only ex- 
perienced persons should be entrusted with this task. 
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A physician trained in malariolo^ is perhaps best qualified to direct 
a malaria survey although a medical parasitologist or medical entomolo- 
gist trained as a malariologist may be equally suitable. In either case a 
technical staff will be needed; the physician as director would no doubt 
need an experienced medical entomologist, and the parasitologist (or 
medical entomologist) as director would need a properly trained phj^i- 
cian on his staff. The sire of the staff will depend largely on the she of 
the area to be surveyed. Tlie staff would usually include a laboratory 
technician, field entomologist (a cuUcidologist) , a surveyor and mapper, 
and a clerk. 

After establishing headquarters and laboratory and ha%nng previ- 
ously made Uie acquaintance and gained the cooperation of civil author- 
ities, particularly the health officer, the following data will be assembled 
according to the authority, abilities, and assignments of the staff (maps 
and various items of equipment will be needed, such as breeding jars, 
collecting apparatus, stains, etc.) : (1) spleen census and parasite index 

from blood films; (2) percentage prevalence of different species of p as- 

modia, also prevalence of gamctocytes; (3) malaria--morbidity ^ 
mortality — statistics; (4) age incidence; (5) seasonal distributioa, I ) 
occupation and economic status of malarial population, housing, e -t 

(7) larval survey to ascertain kinds of.anophelinc breeding pIacM» 

(8) numerical prevalence of different species of adult ha i 

preferences, such as houses, privies, pig pens, cattle sheds, etc.; (9) spow 

aoite rate based on salivary gland dissection; (10) oocyst rate base o 

oocysts on the wall of the raid-gut (careful note must be made as 
origin of mosquitoes dissected, whether from human habitatioM,^ 
pens, privies, porches, stables, etc.); (11) meteorolo^cal con 

rainfall, humidity, temperature, winds, etc.; (12) topo^aphy,BOi 
tation; (13) agricultural crops, methods of farming, irrigation, amag t 


rice culture, etc. 

Quinine prophylaxis and treatment.* — It has already . i 
gested in this and the preceding chapter that quinine holds an impo 
place in the campaign against malaria. If a spring campaign , 
mosquitoes is planned, it is the part of wisdom to search out y ^ 
examination all plasmodial carriers and put them through a . 

course of quinine treatment during the autumn and winter to pre 
spring and early summer relapses which are sure to discredit 
control, no matter how thorough, and to prevent mosquitoes rom 


coming infected. _ s* an 

At the beginning of the Anderson (Calif.) malaria catopaign 
index was taken during June (1919) with the following resu ts. 

• Investigators concerned with malaria treatm^t 4^111. 

Nations BuUetin of the Health Organiaation, Vol. VII, No. 1 (Feb. pp 
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Positive eases wei’e given quinine, JO grains three times a day for 
seven days, then 20 grains every evening for seven days and 30 grains 
daily for ten weeks. At the close of the work 7C patients who had come 
under observation and treatment were again examined. Sixty*four, or 
84-2 per cent, were negative and had had no recurrence of clinical symp- 
toms. Successful casc.s averaged slightly better than 20 grains of quinine 
per day throughout the first ^veck of treatment, while the failures took 
slightly over nine. Tertian malaria responded much more readily to 
treatment than aestivo-autumnal; every case of the former that came 
under observation being apparently cured Cured cases of aestivo- 
autumnal averaged 12 grains per day over 41 days, while the tertian 
averaged ll grains per day over 39 days. Failures fall aestivo-autumnal) 
averaged 6 grains per day over 31 days. 

In localities rvhere it is not practicable to control mosquitoes, and that 
may be the ease in rare instances, the use of quinine in email doses may 
be practiced in order to prevent malaria Carter ^ states tijat “it should 
be taken in doses of from 5 to 7 grains per day by grorni people, 2 to 3 
grains by children — less if small — during the malaria season, say June to 
November. Somewhat smaller doses will be efTicient in places where the 
malaria is not bad. ... In these doses it docs no injury of any kind to 
those taking it.” 

Concerning the comparative cost of mosquito control and treatment 
of carriers, the following comparisons from the Rockefeller Foundation 
Review for 1918 are of interest. In Hamburg, Arkansas, a reduction 
of 97.4 per cent was secured by mosquito control at a cost of 91.45 per 
capita in 1917; for 1918 it was only 44 cents Neither this cost nor the 
next includes the ox'erhead expenses of super^asion by representatives of 
the Board. In Sunflower County, Mississippi, a demonstration was un- 
dertaken by the Foundation’s International Health Board aimed at 
curing the carriers A control of 80 per cent was secured in tlie rural area 
at an initial per capita cost of Si 03 This would appear to throw favor- 
able light on this method of malaria control, namely, treatment of 
carriers. 

It should be remembered, however, that the administration of quiaine 
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requires individual treatment and that strict supervision of a given popu- 
lation is difficult. Where large sums of money are necessary for carrying 
out a quinine program, it is well to consider first the possibility of cor- 
recting drainage defects and controlling the mosquito. When the funds 
for treatment have been exhausted, mosquito breeding continues as be- 
fore, while if the same funds had been used to correct defects aimed at 
mosquito control, much good would have been accomplished even though 
the funds had been exhausted. 

Treatment of malaria with plasmochin and with atebrine. — Plas- 
mochin or plaamoquine, a synthetic drug said to be Aminoquinolme. was 
developed in 1925. It is used in malaria therapy as Plasmochin Simplex 
which is plasmochin hydrochloride, as Plosmochtn Compound which 
when prepared in tablet form is such that each tablet contains Ve grain 
of plasmochin hydrochloride combined with 2 grains of quinine sulphate, 
and as Chinoplasmin where each tablet contains Ve grain of plasmochin 
hydrochloride and 4.5 grains of quinine sulphate. The last form of the 
drug seems to be the most effective. Plasmochin is reported to be more 
effective than quinine against the asexual forms of P. vivax in tertian 
malaria and P. malarias in quartan malaria, but while it attacks the 
crescents of P. falciparum as well as the gametocytes of the other forms 
it is not so good as quinine against the fever-producing forms (asexual 
forms) of P. falciparum in subtertian malaria.*® 

Atebrine or atahrine, an aminoacridin derivative, seems to attack 
asexual parasites more promptly than quinine or plasmochin, and is espe- 
cially effective against the asexual forms of P. falciparum and seems to 
have a low relapse rate (Russell loc. cit.). 

Though Komp and Clark*® found that during a five-year perio 
atebrine, or atebrine and plasmochin in combination, failed to preven 
or control malaria under the conditions prevalent in Panama, when ad- 
over a peticrd long enough to mtlude one of the cyclical up 
swings of the malaria rate, they consider it the drug of choice in the 
treatment of clinical cases. 

Trypan Blue has lately come to the fore in the treatment of malana 
and seems to have a definitely beneficial effect on chronic cases of so ^ 
tertian malaria, though it is far from clear as to how this effec ^ 
produced.®** 

B. Filabiasis 

Filariasis. — An infection of nematode worms belonging to the family 
Filariidae is known as filariasis. The larval worms of this ^ 
commonly known as microfilariae and occur in the circulatory an ^ 
phatic systems, connective tissue layers and serous cavities of the ve e 
brate hosts. Among the species belonging to the family are Mansone 
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ozzardi (Manson), said to be non-pathogenic, transmitted by Acdes 
aegypti (Linn.); Acanthocheilonema perstans (Manson), transmitted 
by Culicoides austeni Carter, Ingram and Macfie (see Chapter X) ; Loa 
loa (Cobbold), causing calabar Bwellmgs, transmitted by Chrysops 
dimidiata v. d. Wulp (see Captcr XIV) ; Onchocerca volvulus Leuckart, 
transmitted by Simulium damnosum Theo. (see Chapter X) ; Dirofilaria 
immitis (Leidy), heartworm of dogs, transmitted by various species of 
mosquitoes including Culex pipiens Linn, and Aedes aegypti (Linn.); 
and most important species of ail the filanal worms, Wuchererta ban- 
crofti (Cobbold) , transmitted by Culex fatigans Wicd. and other species 
of mosquitoes. 

Bancroft’s Filaria . — Wuchereria bancrofti (Cobboid) is a widely 
distributed parasite of man, being particularly indigenous to Polynesia 
and Toany other tropical and 
subtropical areas of the globe 
In the United States only one 
endemic area is known, and 
that is a small area around 
Charleston, South Carolina.*’ 

Puerto Rico is reported to be 
one of the best-known endemic 
areas of filariasis in the West- 
ern Hemisphere, although it is 
not regarded as a major health 
problem there. 

The microfilariae, first ob- 
served by Bancroft in 1876, 
measure about .3 mm. in length 
and from 7.5ji to lOp in diam- 
eter (Fig, 79) , and occur in the 
peripheral blood particularly 
at night, an obsen’ation which Manson made m 1877-1878. In the day- 
time the microfilariae arc concentrated m the pulmonary vessels, the 
capillaries of the heart and other visceral organs. This nocturnal 
periodicity** enables night-flying mosquitoes such as Culex fattgans 
Wicd. to suck up the parasites while biting Manson called attention to 
this adaptation and behoved mosqmlots scr^-ed as “nurses" for the 
filariae, and when the mosquitoes dropped into water and disintegrated 
the organisms were liberated and infection of human beings resulted 
from drinking infected water. 

Having reached the stomach of the mosquito (more than a score of 
species arc involved), the inicrofiJanac lose their sac-like sheaths in an 
hour or two and proceed to invade the stomach wall, migrating Uicncc to 
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the thoracic muscles ■where they become "sausage-shaped" and the inter- 
nal organs develop. By the end of the second week the larvae have grown 
to about 1.5 mm. in length and migration from the thoracic muscles to 
the head is accomplished. Here the microfilariae lie coiled until the in- 
fected mosquito bites, when the larvae quickly slip down the labium and 
escape from the labcllura upon the skin of the ■warm-blooded host. Here 
the microfilariae invade the skin and enter the peripheral blood capil- 
laries. From the capillaries the parasites travel through the body until 
the lymphatics are reached. Here sexual maturity is achieved, mathg 
takes place and young are produced. The female worms measure from 
80 to 100 mm. in length, the males about 40 mm. Obser\’ers report that 
male and female worms are often found in tangles in nodular dilatations 
of the distal lymphatics, in lymphatic varices and in the glands them- 
selves or even in the thoracic duct. 

Faust®* states that no manifest lesions or apparent symptoms are 
produced in the majority of cases, the only evidence of infection being 
the presence of the microfilariae in the peripheral blood. Symptomless 
filariasis is said to obtain "when the adult worms are so situated in the 
lymphatics that neither they nor their progeny obstruct the course of the 
lymph stream." When mechanical obstruction of the lymph flow occurs, 
varix lymphaticus is produced and in many cases elephantiasU of the 
lower extremities and the scrotum; in women, of the ■vulva and occasion- 
ally of the mammary glands. 

Heartworm of dogs . — Dirofilarui immitis (Leidy) occurs in dogs 
and cate as well as various wild carnivores. The adult worms, females 
measuring from 25 to 30 cm. and the males 12 to 18 cm., invade the heart 
(right ventricle) and pulmonary artery of the host, where they often 
form tangled knots and may cause death. 

The female worms like Wnchereria bancrofti are viviparous, and t e 
microfilariae are found in the blood stream manifesting a noctums 
periodicity. The larvae similar in size to W. bancrofti are wit ou 
sheaths. This species lends itself well to laboratory experiments Jon, 
since Culex pipiens Linn, is a suitable vector, and dogs are easily ban e 
in the laboratory. 

C. Yellow Feveu 

Yellow fever. — Yellow fever, also known as yellow jack, is one of 
the most dangerous diseases of man, occurring endemically in certain por 
tions of Central and South America, the Caribbean littoral and 

coast of Africa. Epidemics of great magnitude have swept the sou e 

United States, and Cuba suffered greatly from the disease for man 
years. 

The disease is characterized by an abrupt primary rise of temps 
ature of comparatively short duration, followed by a remission an 
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then a second febrile attack Jasring dudb longer, aceompanied by albu- 
minuria, jaundice, bleeding of the gums, prostration, and a "black 
vomit." 

Yellow fever mosquito-bome.— -Although Dr. Carlos Finlay (loc. 
cit.) of Havana had quite early (1881) advanced a mosquito-transmis- 
sion theory, and had carried on what we now know to have been incrimi- 
nating experiments with nonimmunes, his theory was discredited until 
renewed interest in the same was given it by the work of the United States 
Army Yellow Fever Commission headed by Major Walter Reed in 1900. 
Reed “ and his colleagues made a pre-report in which they state: "Since 
we here, for the first time, record a case in which a typical attack of 
yellow fever has followed the bite of an infected mosquito, within the 
usual period of incubation of the disease, and in which other sources of 
infection can be excluded, we feel confident that the publication of these 
observations must excite renewed interest in the mosquito theory of the 
propagation of yellow fever, as first proposed by Finlay." 

Senate Document No 822 (Jan. 27, 1911) Is concerned with yellow 
fever and contains a compilation of various pubheations by the Commis- 
sion and others. In this document, McCaw gives the following account 
of the work of the Commission: 

“In June, 3900. Major Reed was sent to Cube as president of a board to 
study the infectious diseases of ^be country, but more especially yellow fever. 
Associated with him were Acting Asst Surgs James Carroll, Jesse W Lasear, 
and A. Agramonle. 

"At this tunc the American authorities io Cuba had for a year and a half 
endeavored to diminish the disease and mortality of the Cuban towns, by gen- 
eral sanitarj’ work, but while the health of the population showed distinct 
improvement and the mortality had greatly diminished, yellow fever apparently 
had been entirely unaffected by these measures In fact, owing to the large 
number of nonimmunc foreigners, the disease was more frequent than usual in 
Habanaand m Quemadosnear the camp of Amencan troops, and many valuable 
lives of American officers and soldiers had b«n lost 

"Reed was convinced from the first that general sanitary measnrta alone 
would not check the disease but that its transmission was probably due to an 
insect. 

‘7n June, July, and August, 1900, the commission gave tbeir entire attention 
to the bacteriological study of the blood of ycUow-fcver patients and the post- 
mortem examinations of the organs of those dying with the disease. In 24 cases 
where the blood was repeatedly etarabed, as well as in U carefully studied 
autopsies, Bacillus tclerotdes was not discovered, nor was there any indication of 
the presence in the blood of a specifie cause of the disease 

"Application was made to General Leonard Wood, the military governor of 
Cuba, for permission to conduct experiments on nonimmune persons, and a 
liberal sum of money requested for the purpose of rewarding volunteers who 
would submit themselves to the wpenment. 

"It was indeed fortunate that the nuhtaiy goiernor of Cuba was a man 
who by his breadth of mind and special scientific training could readily appre- 
ciate the arguments of Major Heed as to the value of the proposed work. 
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“Money and full authority to proceed were promptly granted, and to the 
everlasting glory of the American soldier, volunteers from the Army offered 
themselves for experiment in plaity and with the utmost fearlessness. 

“Before the arrangements were entirely completed, Dr. Carroll, a member 
of the commission, allowed himself to be bitten by a mosquito that 12 days 
previously had filled itself with the blood of a yellow-fever patient. He suffered 
from a very severe attack, and his was the first experimental case. Dr. Lazear 
also experimented on himself at the same time, but was not infected. Some days 
later, while in the yellow-fever ward, he was bitten by a mosquito and noted the 
fact carefully. He acquired the disease in. its most terrible form and died a 
martyr to science and a true hero. 

“No other fatality occurred among the brave men who, in the course of the 
experiments, willingly exposed themselv^ to the infection of the dreaded disease. 

"A camp was especially constructed for the experiments about 4 miles from 
Habana, christened Camp Lazear in honor of the dead comrade. The inmates 
of the camp were put into most rigid quarantine and ample time was allowed to 
eliminate any possibility of the disease being brought in from Habana. 

“The personnel consisted of three nurses and nine nonimmunes, all in the 
military service, and included two physicians. . 

“From time to time Spanish immigrants, newly arrived, were brought m 
. - , . ■ . . •. 1 . 

a 

• . « 

experimented upon, thus eliminating the possibility of any other disease than 
yellow fever complicating the case. 

“The mosquitoes us^ were specially bred from the eggs and kept in a 
building screened by wire netting. When an insect was wanted for an 
it was taken into a yellow-fever hospital and allowed to fill itself with the moon 
of a patient; aherwards at varying intervals from the time of this meal o 
blood It was purposely applied to nonimmunes in camp. , 

“In December, 5 cases of the disease were developed as the result of sue 
applications; in January, 3, and m February, 2, making in all 10, 
the cases of Drs. Carroll and Lazear. Immediately upon the appearance o 
first recognized 

the patient was ’ ■ ^ 

distant. Every • . , 

bites, and not in a single instance did yellow lever develop in me ^ 

at the will of the experimenters , . ^ 

^ “The experiments were conducted at a season when there was the 
chance of naturally acquiring the disease, and the mosquitoes used were P 
active by maintaining them at a summer temperature. ^ tmente 

“A completely mosquito-proof building was divided into two ^ 

by a wire-screen partition; infected insects were liberated on one side o 
brave nonimmune entered and remained long enough to allow himself to be 

several times. He was attacked byyellow fever, while two susceptible men 

other compartment did not acquire the disease, although sleeping tner 
nights. This demonstrates in the Amplest and most certain manner tna 
infectiousness of the building was due only to the presence of the insects. . 

“Every attempt was made to infect individuals by means of bedding, c ’ 
and other articles that had been used and soiled by patients sunenng 
virulent yellow fever. 
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■'■'Volunfecrs slept in the room with and handled the most filthy articles for 
20 nights, not a symptom of yellow fever was noted among them, nor was 
their health in the slightest degree affected. Nevertheless they were not immune 
to the disease, for some of them were afterwards purposely infected by mosquito 
bites. This e.Tperiment indicates at once the uselessness of destroying valuable 
property for fear of infection. Had the people of the United States Icnown this 
one fact 100 years ago, an enormous amount of money would have been saved 
to householders. 

"Besides the experimental cases caused by mostjuilo bite, four nonimraunes 
were infected by injecting blood dranm directly from the veins of yellow-fever 
patients in the first two days of the disease, thus demonstrating the presence of 
an infectious agent in the blood at this early period of the attack. 

"Even the blood serum of a patient, pas^ through a bactena-proof filter, 
was found to be capable of causing yellow fever in another person." 

The conclusions reached by the Commission foHow: 

“1. The mosquito (C. /asciofusssAedcs aegyplt) serves as the intermediate 
host for the parasite of yellow fever. 

"2 Yellow fever is transmitted to the noniniinune individual bymeansof the 
bite of the mosquito that has previously fed on the blood of those sick with this 
disease. 

"3. An interval of about 12 days or more after contamination appears to be 
necessary before the mosquito is capable of conveying the infection. 

"4. The bile of the mosquito at an earher period after contamination does 
not appear to confer any immunity against a subsequent attack. 

"5. Yellow fever can also be expenmentally produced by the subcutaneous 
injection of blood taken from the general circulation during the first and second 
days of this disease. 

"6. An attack of yellow fever, produced by the bite of the mosquito, confers 
immunity against the subsequent injection of the blood of an individual suffer- 
ing from the nonexpenmental form of this disease. 

"7. The period of incubation in 13 coses of eicperunental yellow fever has 
varied from 4i hours to 5 days and 17 hours. 

“8. Yellow fever is not conveyed by fomites, and hence disinfection of 
articles of clothing, bedding, or merchandise, supposedly contaminated by con- 
tact with those sick with this disease, is unnecessary. 

"9. A hou5e may be said to be infected with yellow fever only when there are 
present within its walls contsminated mosquitoes capable of conveying the 
parasite of this disease. 

"10 The spread of yellow fever can be most effectually controlled by 
measures directed to the destruction of mosquitoes and the protection of the 
sick against the bites of these insects 

"1 1 . While the mode of propagation of yellow fever has now been definitely 
determined, the specific cause of this disease remains to be discovered." 

Other mosquito vectors.-— Prior to 1<>28 (see Chapter I) no experi- 
mental animal other than man was known to Be susceptible to yellow 
fever. With the discovery’ that the Indian monkey, ftMem rAesus, 
was susceptible and a score of other speciea of monkeys and white 
mice as well, experimentation wjlh j-arioua species of mosquitoes 
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grew apace. Soper et a!. 1933 ” give a list of all species of mosquitoes 
with which experiraenta on the transmission of yellow-fever virus were 
made, and of these the following gave positive results of biting tests: 
Aedes aegypti (Linn.), A. africanus Theob., A. albopictus (Skuse},ii. 
apicoannulatus (Edw.) (renamed A. stolcesi Evans), A. finviatilU 
(Lutz) , A. luteocephalus Newst., A. scapwlarts (Rondani) , A. scutellam 
Theob. (same as afbopicftw), A. simpsoni Theob., A. taeniorhyncJivi 
(Wied.) (?), A. vittatus (Bigot), Culex thalassius Theob., Eretmapo- 
dites chrysogaster Graham, and Mansonia africana (Theob.), Cvlex 
fattgans Wied., and Psorophora ferox (Humboldt) (?). 

The infection. — ^The search for the causal agent of yellow fever has 
been carried on most assiduously for many years and various discov- 
eries were announced from time to time. Sanarelli in 1897 declared the 
organism to be Bacillus icteroides; this was amply disproved by the 
U. S. Yellow Fever Commission in 1900. Seidelin in 1909 described Para* 
plasma pivigenum as the causal agent and in 1919 Noguchi came to the 
conclusion that a apirochaete, Leptospira icteroides Noguchi, was the 
cause of yellow fever. This turned out to be the cause of Weil’s disease or 
infectious jaundice. Yellow fever is now classed among the virus diseases. 

The ■\rirus is believed to be present in the circulation only dunngt e 
first three days of the disease. Aedes aegypti (Linn.) reared from eggs 
in the laboratory and fed by Stokes, Bauer and Hudson (loc. ciM 
infected monkeys on the first or second day of the fever, invana y 
became infective. They found that the mosquitoes were infect^ 
days after feeding on an infected animal and remained so until ea i 
one mosquito producing a fatal infection in two monkeys 85 and 9 
after the original infective meal. , 

Jungle yellow fever.— Yellow fever is generally regarded as aniw a 
or house disease which is transmitted solely by Aedes cegyph ( 
a domestic mosquito which breeds largely in artificial 
about human habitations. Control seemed simple enough with me ic 
inspection. The Rockefeller Foundation reported that prior ° 
the belief was expressed that yellow fever was not only fast isapp 
ing as a human menace but that it had been practically elimina ® • . 
1925 only three cases of yellow fever were reported from the en ire 
em Hemisphere; in the eleven months following April, 
were reported; and it was assumed that the battle, which ha co 
lives of research workers and millions of dollars, was practica y 
Then almost without warning, the South American 
[Soper and associates, 1933 (loc, cit)], and in a few years tune 
demiological strategy of the battle had to be completely 
pointed out that vast areas of the hinterland of both g.^ 

Africa are endemic centers of yellow fever. Burke (1937) s u 
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epidemic involving 201 cases of yellow fever of the jungle type in the 
absence of Aedes aegypti (Linn.) on the Planalto of Matto Grosso, 
Brazil, during the seasons of 1934 and 1935. He reports that the identity 
of the disease was definitely established, the only difference being in the 
conditions under which infection occurs. “The paucity of human popula- 
tion in the infected district and the scattered distribution of cases in 
both time and space, together with the isolated circumstances attending 
many cases argue against man being the only vertebrate host involved. 
The sera from five Cebus monkeys captured for this study in known in- 
fected districts all gave positive protection test results, indicating im- 
raimity naturally acquired in the jungle. AU available evidence points to 
infection occurring either in clearings next to uncleared jungle or in the 
jungle itself, especially during working hours.” The Rockefeller Founda- 
tion (loc. cit.) points out that jungle yellow fever must be considered as a 
possible permanent source of virus for the reinfection of cities and towns 
where high densities of Aedes aegypii (Linn.) mosquitoes are tolerated. 

Other than Aedes aegypti (Linn.) successful transmission by the bito 
has been obtained by Aedes scapulans (Rondani), Aedes fiuviatilis 
(Lutz), Aedes leucocelaenus D and S. and Haemagogus eapricomii 
(Lutz). Aedes leucocelaenus D and S and Haemagogus eapricomii 
(Lutz), both forest-inhabiting mosquitoes, were incriminated by Shan- 
non, 'f^itman and Franca ** during the 1938 outbreak of jungle yellow 
fever in the state of Rio do Janeiro, Brazil. Ibe presence of the virus in 
mosquitoes caught in the jungle was demonstrated. 

D. Denqob Feveb 

Dengue fever.—Dcngue, also known as breakbonc fever or dandy 
fever, is a widespread disease of tropical and subtropical regions, particu- 
larly the Philippines, but it is also found in Icinperatc climates. Although 
notably a coastal disease, it may occur inland. The number of cases in 
the 1922 epidemic in the state of Texas was estimated at between 500,000 
and 000,000,^® originating in Galveston during the second week of June, 
spreading later to other parts of the state and beginning to abate late in 
September, ending in late eutunm. 

The disease is characterized by its sudden attack, severe rheumatic 
pains in the joints and limbs, headache, high fev'cr; a remission of about 
two days follows the first attack of three days, the second attack lasts 
usually but a day and is accompanied by a rapidly spreading rash. The 
“saddle back" type of fever though quite common is not constant. The 
entire course may be run in five to six days. Although a disease of much 
economic importance because of its debilitating effects, the death rate is 
very low. It is caused by a filterable xirua as shown by Ashbum and 
Craig 1907.** The virus is said to be present during the first three dal's of 
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the fever, hence the mosquito vector must bite the patient during this 
time in order to become infected. 

Mosquito transmission. — ^Transmission experiments conducted by 
ChandJer and Rice (loc. cit.) with Aedes aegypti (Linn.) were successful 
in four out of six cases, the mosquitoes having fed on patients in the 
second to fifth days of the disease. 

Simmons, St.John, and Reynolds^® (1931) found tbataUlotsofAed^s 
aegypti (Linn.) that fed on blood from experimental cases o! dengue 
during the first forty-eight hours of the disease became infected. The 
mosquito is able to transmit the infection after an incubation period of 
n days, though Chandler and Rice (loc. cit.) state that mosquitoes 
succeeded in transmitting the disease in from twenty-four to ninety'sn 
hours. Infected mosquitoes remain infected as long as they five. The 
infection has been transmitted 174 days after infection and^^edei 
aegypti (Linn.) has been kept alive for seven months. (Simmons et a , 
loc. cit, p. 22.) 

Graham (1902) was the first to demonstrate that mosquitoes trans 
mit dengue by the bile. . . 

The incubation period m experimentally infected cases vanes m 
three to eight days. Simmons et al. give the average incubation perio 
at 5.66 days', average duration of the fever, 4.8 days. The ° 
transmitted from infected female Aedes aegypti (Linn.) through c 
to the offspring, neither does contamination of the skin by . 

from crushed Aedes aegypti (Linn.) result in infection. r 

believed to be conferred by an attack of dengue “in a large majon 
cases.” , 

The investigations of Simmons, St. John and Reynolds 
Aedes albopictus (Skuse) is an important vector of dengue, 

Culex fatigans Wied., hitherto regarded as an important vec ri 
consequence. 


E. Bird Maxariab 

Bird malarias. — Many species of birds inclusive of crows, 
finches, blackbirds and canaries, are subject to infections kno^ 
malaria. These infections are caused by haematozoa belonging 
genus Plasmodium, e.g., P. cathemerium Hartman and P. t 

turn) Grassi and Feletti, transmitted by mosquitoes, Culex 
and C. fatigans Wied. Since the behavior of these species of 
avian malaria resembles closely that of the plasmodia of ’t 

experimental work with these easily manipulated forms is e ■?. ex- 
solution of important problems of human malaria.** \nd Ross 

perimental work with bird malaria which enabled MacCa um ^ , 
to make famous discoveries in the field of human malaria a 
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stated. Huff (1933, loc. cH.) has fihQvm that “the degree of mfectionm a 
susceptible mosquito {Cvlez pipUns Linn.) is determined by some inher- 
ent characteristic of the individual in quite a constant manner in spite 
of differenced in the numbers of gametocytes ingested and of whether or 
not there has been previous infection.” Huff's experiments were with 
Plasmodium cathemerium and P. elongatum Huff. He points out that 
these findings may have a bearing on the explanation of differences in the 
ability to transmit human malaria by different geographical races of 
Anopheles. 

Other malaria-like infections of birds are caused by Haemoproteus, 
e g , Hcemoproletis columbae CclU and San Felice of pigeons and doves, 
transmitted by a louse fly, Pseudolynchia canariensis (Macq.) ; also quail 
malaria caused by Haemoproieus lophortyt O'Roke carried by Lynchia 
hiVsufo Ferris, the louse fly of quad. (See Chapter XIX.) A maiaria-Iike 
disease of ducks is caused hy LeucocyiozodnanaUs Wickware and is car- 
ried by a simuHid fly, Simuhum vemstum Say. (See Chapter X.) 

F. Equine ENCEPJiAixiMYELms 

Equine encephalomyelitis.— Equine encephalomyelitis is a disease 
of wide distribution, the causative agent of which is a filterable virus with 
neurotropic properties as shown by Meyer, Haring and Howitt,** whose 
description of symptoms follows. “Preceding the onset of symptoms 
which attract attention, the temperature may be found to vaiy from 303® 
F. to 107® F. Not infrequently when the horse sbow^ signs of drooping of 
the head, sleepiness and circling motion or other psychic and motoric 
disturbances, the body temperature may be normal. The pulse and 
respiration are usually accelerated Quite often the animal rests against 
the wall or comer and may show backward and sideways motions. Mus- 
cular twitchings are quite common. Many of the horses ore down on the 
second or third day and may or may not get up when pressed to do so. 
Paresis of the lips and drooling are frequently noted. Mastication and 
swallowing may or may not be impaired, but grinding of the teeth is quite 
regularly observ'cd. The conjunctiva is always infected and frequently 
icteric or grayish and studded with petechiae or eechymoses. In the mild 
cases which were able to rise, recovery was as a rule uneventful but about 
half were so severe that they terminated fatally in 3 to 8 days or were 
destroyed for humane reasons.” 

Believing that bloodsucking insects might be instrumental in the 
transmission of the rirus, the author conducted tests during the late sum- 
mer of 1932 (Hemw, Wheeler nod Herms 1934)A* In these tests horse- 
flies, yobanw punctifer 0. S., and horn flics, //octnafobia serrata Des%’., 
were used — all w-ith negative results. 

Early in 3933 Kciscr proved that the disease can be transmitted by 
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Aedes aegypti (Linn.) not only from infected guinea pigs to normal 
guinea pigs but also to a horse which contracted the disease and died 
within five days after the onset of symptoms. Blood drawn from the 
horse at the height of the fever and injected into a guinea pig produced 
the disease and mosquitoes fed on the horse during the period of high 
temperature and subsequently fed on a normal guinea pig likewise pro- 
duced the disease. The largest percentage of deaths among the guinea 
pigs bitten by infected mosquitoes occurred on the sixth day following 
the infective mosquito bite. The mosquitoes were found to be capable of 
producing the disease os early as six days and remained infectious for at 
least 36 days. Kelser pointed out that it is possible that the mosquitoes, 
when once infected, may remain infectious the rest of their lives as is 
the case in yellow fever and dengue. 

Following the work of Kciscr the author conducted further tests, uskg 
Anopheles macuUpennis Meigen and Aedes dorsalis (Meigen), a sa 
marsh mosquito, bred from larvae taken from a salt marsh. Again all « 
suits were negative (Herms, Wheeler and Herms, loc. cit.). However, 
later tests (unpublished) made in October, 1934, give evidence of sw aw 
cessful transmissions out of 29 (guinea pig to guinea pig) 

Aedes dorsalis (Meigen) bred from fresh-water larvae. The elapse i 
between initial feeding on an inoculated pig and feeding on a norma p 
was six days in four of the positive cases and twelve days in the , 
ing two. From four to fifty mosquitoes were used.^ Investigations m 
by Madsen, Knowiton and Rowe with A. dorsalis (Meigen) n so i 
cate that this species may be a vector of the virus although ^ 

failed, yet 2.5 per cent of the total trials (with guinea pigs) were po- > 

with incubation period varying between 9 and 19 days. Tests 
these authors with Aedes nigromaculis (Ludlow) gave 5.8 per ^ 
tivc transmissions, with incubation period varying between 
days. Merrill, Lacaillade and Ten Broeck« have demonstrated 
peated tests that Aedes sollicitans (Walker), a common A ^ 
salt-marsh mosquito, will transmit both eastern and western ® 
the virus from infected to normal guinea pigs.^ later 

tained with the eastern virus 11 days after the initial feeding an 
periods. Aedes cantator (Coq.), another salt-marsh bree er, w 
to transmit the eastern virus, though less readily. These . ^j^g. 

demonstrated a 1,000- to 10,000-fold increase of the yirus 
bodies of both Aedes aegypti (Linn.) (western strain ^ 
licitans (Walker) (eastern strain virus) . ^ „gble of 

the longest period during which Aedes aegypti (Linn.M ^ggs- 

transmitting the western strain. Madsen and Knowiton wer- 
ful in transmitting the western virus to guinea pigs by t e i 
nigromacxdis (Ludlow). Simmons, Reynolds, and Come 
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slratedthat (Skuse) could transmit the western vims. 

Kelser (Science, Feb. 12, 1937) reported studies definitely proving the 
ability of Aedes taeniorhynchus (Wied.) to transmit the ‘Vestem” type 
of equine encephalomyelitis from guinea pig to guinea pig. 

^ It is highly suggestive that Syverton and Berry were able to trans- 
mit the western strain of the virus to a ground squirrel, Citelliis ncAard- 
soni (Sabine) through the bite of ticks, Dermacentor andersoni Stiles. 
The animal died five days after the ticks, which had fed on an inoculated 
guinea pig, were placed on the animal. Tyrzer, Sellards and Bennett 
have recently demonstrated the natural occurrence of the infection in 
the ring-necked pheasant. Man is evidently susceptible to the infec- 
tion.®* 


G. Fowir-pox 

Fowl-pox. — ^Fowl-pox, an important virus disease of poultry, while 
spread in various ways such as contact between diseased and healthy 
birds, may also be spread, according to Brody,®® by Aedes stimularu 
(Walker) by intermittent feeding, harboring the virus in or on its body 
for at least two days following an infective meal, and by Aedes aegypti 
(LIm.), which can definitely transmit the virus more than once during 
its life. The latter species is able to transmit the disease within one hour 
after an infective meal and continues to be infective from 39 to 21 days. 

BIBLIOGRAPHY 

1935) Bulletin, Metropolitan life Ins. Co , vol. ID, no. 7 (October 

2. Meleney, H. E.,,1937, The problem of malaria mortality in the United 
States. Amer. Joum, Trop. Med., vol. 17, no. 1, pp. 15-34. 

3. Boyd, Mark F., 1930. An introduction to malanology. Han’ard Univ. 
Tress. 437 pp. 

4. Reed, A. C., 1937. Ultimate prognosis of bookworm disease, malana and 
amebiasis, Proc. 27th Annual Meeting of the Medical Section of the Amer. 
life Convention, pp. 17&-206. 

5. King, A. F. A,, 1SS3. Insects and disease, mosquitoes and malana Popu- 
lar Sci. Mo., Sept. 1883. 

6. Golgi, C , 18S6. Sulla inferieme malarica. Arch, per le Scienze Mediche. 
vol. X, no. 4, p. no. 

7. Ross, R , 1897, Observations on a condition necessary to the trans/onna- 
^on of the malaria crescent. British Med Joum., Jan. 1S97, p. 251: also 
On some peculiar pigmented cells found in two mosquitoes frf on malarial 
blood, ibid., Dec. 1897, pp. 1786-1788. 

8. MacCoUum, W.C., 1898 On the baematMOan infections of birds Jouro. 
E*per. Med, vol. iii, no. 1, pp 117-138. 

9. Grassi, B., Bignami, and BastianeUi, G, 1S99. Ciclo evolutivo delle 
semilune nell’ Anopheles claviger cd altri studi suUa malaria dall’ ottobre 1S£>3 
al maggio 1899. Atti d. Soc. per gli studi d malana, 1899., vol. i, pp. 14-27. 
(Cited by Rosa 1010 ) 



224 MEDICAL ENTOMOLOGY 

10. Manson, Sir Patrick, 1909. Tropical Diseases. Cassel and Company 
(London), xx + 876 pp. 

11. Bass, C. C., and Johns, P. M., 1912. The cultivation of malarial plas- 
modia in vitro. Journ. Exp. Med., Oct 1, 1912, p. 567. 

12. Ross, R., 1910. The prevention of malaria. E. P. Dutton & Co, New 
York, 669 pp. 

13. Golgi, C., 1889. Sul ciclo evolutive dei parassiti malarici nella febbre 
terzana; diagnosi differenziale tra i parassiti endoglobulari malarici deUa. Arch, 
per le Scienze Mediche, vol. 13, no. 7, pp. 173-196. 

14. Huff, Clay G., 1934. Comparative studies on susceptible and insus- 
ceptible Culex pipiens in relation to infections with Plasmodium cathmerium 
and P, relictum, Amer. Joum. of Hygiene, vol. xix, no. 1, pp. 123-147. 

15. Hindle, Edward, 1914. Flies in relation to disease^blood-sucking flies 
Cambridge University Press, xv -f- 398 pp. 

16. Beyer, G. E., Pothier, 0. L., Courtet, M., and Lemann, J., 1901-02. I 
Bionomics — Experimental Investigation with Baallus sanarelli and Experi- 
mental Investigation with Malana. New Orleans Med. and Suig. Joum, vol 
54, pp. 419-480. 

17. Thayer, W. S., 1900. On recent advances in our knowledge concerning 
the etiology of malarial fevers. Phila. Med. Joum , vol. 6, pp. I046-1WS 

18. King, W. V., 1916. Ej^eriments on the development of malaiu para- 

sites m three American species of Anopheles. Joum. Exp. Med, vol. xxxui, DO , 
pp. 703-716. . 

19. Darling, S. T., 1910. Studies in relation to malana. Isthmiw Canal 
Commission Report. U. S. Government Printing Office, Washington, D. C. ^ 

20. Mitzmain, M. B., 1916. Tertian, malarial fever— transmiMion 

menis with Anopheles punctipe ‘ r - •** ^ ^ 

337 from U. S. Public Health R * ' • -is 

21. Mitzmain, M. B, 1916. ’ i 

one mosquito can infect with m. . . *■ 

35, pp. 2325-2335. 

22. Kmg, W. V., 1917. The effect of cold upon malaria parasites w tw 

mosquito host. Journ. Exp. Med., vol. xxv, no. 3, pp. 495-498. . , 

23. Mitzmam, M. B., 1916. Is mosquito or man the winter carrie 
malaria organisms? U. S. Public Health Service, Public Health Bull no W, 

pp. . 

24. Covell, Major G., 1931. The present state of our knowledge regaf^ 

the transmission of malaria by the different species of anopheline mosqui 
Records of the Malaria Survey of India, vol. ii, no. 1, pp. 1-48. . . 

25. Christophers, S. R, Sinton, J. A., CoveU, G. (Third Edition j? 
J. A. Sinton), 1936. How to do a malaria survey. Health Bulletin, no. H, 
lana Bureau, no. 6. Malaria Survey of India. 206 pp. 

26. Freeborn, S. B., 1920. Malarial control — a report of demonstra lo 

studies at Anderson, Califorma. Calif. State Bd. of Health Mo. Bull., vo . > 
no. 9, pp. 279-288. , . • . 

27. Carter, H. R., 1918. Prophylaxis of malaria, immuni zation by 

U. S. Public Health Service, Reprint No. 454 (Public Health Reports, vo . » 
no. 13, pp. 741-749). . . t 

28. Russell, P. F., Jr., 1934. The treatment of malaria. Phihppme !• 

Assoc., vol. xiv, no. 5, pp. 182-190. , 

29. Komp, M. H. W., and Clark, H. C., 1936. A fifth year’s observsUoiu 



MOSQUITOES AS VECTOHS OF DISEASE 225 

on malaria in Panama, nnlh reference to the failure of Atebrine to control an 
epidemic. Amer. Journ. Trop. Med.> voL 16, no. 2, pp. 109-131. 

30. Garnham, P C. C , 1938. The placenta in malaria with special reference 
to reticulo-endothelial immunity. Trans. Roy. Soc Trop. Med. and Hyg , vol. 
xxxii, no. 1, pp 13-34 

31. Francis, Edward, 1919, Filariasis in southern United States U. S 
Public Health Service, Hygienic Lab Bull. no. 117 34 pp., IX plates. 

32. Tampi, M K, 1931. A study of filariasis in Puerto Rico Puerto Rico 
Journ. of Pub. Health and Trop. Med , toI. vi, no 4, pp 435-441 

33 Hinroan, E. Harold, 1936 Attempted reversal of filanal periodicity 
in Dhofilaria immitu. Proc. Soc. Exper. Biol and Med , r’ol. 33, pp 524-527. 

34. Faust, E. C, 1929. Human Helminthology. Lea and Febiger, Phila- 
delphia, U. S. A. xxii -f- 616 pp. 

35. Reed, Walter, Carrol), James, Agramontc, A, and Lazear, Jesse W, 
1900. The etiology of yellow fever — a preliminary note Proc of the Twenty- 
eighth annual meeting of the Amer. IMblic Health Assoc , Indianapolis, Ind , 
Oct 22-26. 

36. 5oper, F. L , Penna, H , Cardosa, E , Serafim, J , Jr , Frobisher, M , Jr , 
and Pmheiro, 1933, Yellow fever without Aides aegypU. Study of a rural 
epidemic in the Valle do Chanaan, Espinto Santo, Brazil, 1932 Amer Journ 
Hyg., vol. xviii, no. 3, pp. 555-6S7. 

37. The Rockefeller Foundation, a review for 1930 by Raymond B Fo«dJck, 
President of the Foundation 1937 Pp 13-17 

38. Burke, A. W., 1937, An epidemic of jungle yellow fever on the Planalto 
of Matto Grosso, Brazil. Amer Journ. Trop Med , vol 17, no 3, pp. 313-334 

39. Shannon, R\ C , Whitman, L., and Franca, M , 1938 Yellow fever virus 
in jungle mosquitoes Science, vol 88, no 2274, pp IIO-III 

40. Chandler, Asa C, and Rice, I>ec, 1933. Observ’ations on the ctiologj 
of dengue fever, Amer. Journ. Trop. , vol in, no. 3, pp 233-262 

41. Ashbum, P. M, and Craig, C F. 1907 Experimental investigations 
ri^arding the etiology of dengue fever, Philippine Journ Sci,B,\’ol u, no 1, 
pp. 93-147 -f- 27 charts and one map. 

42. Simmons, J.S., St. John, Joe H, Reynolds, F II.K.193I Experimental 
studies of dengue. Philippine Bureau of Science, Monograph 29 4S9 pp. 3 
plates. 

43. Graham, H , 1902. The dengue- A study of its pathology- and mode of 
propagation. Med Record, vol. 01, pp. 2W-207. 

44. Russell, Paul F., 1931. Avian malaria studies, III The expenment.-il 
epidemiology of avian tnalan.a; introductory paper (with ICO references) 
Philippine Joum. Sci., vol 4fl, no. 4, pp. C51-0C7 

45. Meyer, K. F.. Haring, C. M., and lIo»-itt, B. 1931. Nc«cr kno«ln!po 
of the ncurotropic virus infections of the horse Joum Amer t'etennary Med 
Assoc., vol. Ixrix, ns. 32, no, 3, pp. 376-3S9 

46. Herms, W. B , Wheeler, C. M , and Hcrnis, 11. P , 1934 Attempts to 
transmit equine encephalomyelitis by means of bloodsucking insects, cspecially 
rncquitocs Joum. Econ. Entom , vol. 27, no. 5, pp- 9S7-99S. 

47. Kelscr, R. A., 1933. Mosquitoes as vectors of the varus of equine en- 
cephalomyelitis. Joum. Amer. Vet. Med. Assoc., vol Ixxxii, ns vol 35, no. 5, 
pp. 767-771. 

48. Madsen, D. E. Knowlton, G. F., and Rowe, J. A , 1936 Further studies 



224 MEDICAL ENTOMOLOGY 

10. Manson, Sir Patrick, 1909. Tropical Diseases. Cassel and Company 
(London), xx -f 870 pp. 

11. Bass, C. C., and Johns, P. M., 1D12. The eultivalion of malarial plas- 
modia m vitro. Journ, Exp. Med., Oct. 1, 1012, p. 567. 

12. Boss, B., 1910. The prevention of malaria. E P. Dutton & Co, New 
York, 669 pp. 

13. Golgi, C., 18S9. Sul ciclo evolutivo dci parassiti malarici nella febbre 

5 » ,i.t t. . 1 t.n. »..l 


ceptible Culex pipiem in relation to infections with Plasmodium cathemenm 
and P. relictum. Amcr. Joum. of Hygiene, vol. xix, no. 1, pp. 123-147. 

16. Hindlc, Edward, 1914. Flics in relation to discase^blood-sucldng fljes 
Cambridge University Press, xv + 39S pp. 

10. Beyer, G. E., Polhicr, 0. L., Courtet, M., and Lemann, J., 1901-02. 1. 
Bionomics— Experimental Investigation with Bacillus sanarelli and Erpen- 
mental Investigation with Malaria. New Orleans Med. and Surg. Joura, vol 
54, pp. 41<MS0. 

17. Thayer, W. S., 1900. On recent advances m our knowledge conceniiiig 
the etiology of malarial fevers. Fhila. Med. Joum., vol. 5, pp. 1046-1^ 

18. King, W. V., 1916. Experiments on the development of malam pari* 
sites in three American species of Anopheles. Joum. Exp. Med , vol. xxxm, no 
pp. 703-710. 

19. Darling, S. T., 1910. Studies in relation to malaria. Isthmian Caad 
Commission Beport. U. S. Government Printing OHicc, Washington, D. C _ 

20. Mitzmam, M. B., 1916. Tertian, malarial fever— transmission ewn* 

ments mth AnopWea puneftpe ' no. 

337 from U 8. Public Health R* * 

21. Mitzmain, M. B., 1916. . ' 

one mosquito can infect with malaria. U. S. Public Health Keports, vol. Jb 
35, pp. 2325-2335. 

22. Kmg, W. V., 1917. The effect of cold upon malaria parasites in the 

mosquito host. Journ. Exp. Med., vol. xxv, no. 3, pp. 495-498. . 

23. Mitzmam, M. B., 1916. Is mosquito or man the winter 
malana o^anisms? U. S. Public Health Service, Public Health Bull. no. 84, 

pp. 

24. Coveil, Major G., 1931. The prwent slate of our knowledge 

the transmission of malaria by the different species of anopheline mosqui 
Becords of the Malaria Survey of India, vol. ii, no. 1, pp. 1-48. . . 

25. Christophers, S. R., Smton, J. A., Covell, G. (Thirf Edition re^ed W 
J. A. Smton), 1936. How to do a malaria survey. H^th Bulletin, no. 14, 
laria Bureau, no. 6. Malaria Survey of India. 206 pp. 

26. Freeborn, S. B., 1920. Malarial control— a report of demonstration 
studies at Anderson, California. Cahf. State Bd. of Health Mo. Bull, vol. Jo. 
no. 9, pp. 279-288. 

27. Carter, H. R., 1918. Prophylaxis of malaria, immunization by 

U. S. Public Health Service, Reprint No. 454 (Public Health Reports, vol. 
no. 13, pp. 741-749). , 

28. Russell, P. F., Jr., 1934. The treatment of malaria. Philippine I. Med. 
Assoc., vol. xiv, no. 6, pp. 182-190. 

29. Komp, M. H. W., and Clark, H. C , 1936. A fifth year’s observations 



MOSQUITOES AS VECTORS OF DISEASE 225 

on malaria in Panama, with reference to the failure of Atebrine to control an 
epidemic Amer. Journ. Trop. Med.> vd, 16, no, 2, pp. 109-131. 

30. Garnham, P. C. C., 1938. The placenta in malaria with special reference 
* • Trans. Rt^. Soc. Trop. Med. and Hyg., vol. 

, Fdariasis in southern United States U, S 

r« - ^ 34 pp^ IX plates. 

m Puerto Rico Puerto Rico 
. ■ . ** . .• 4, pp. 435-441 

33. Hinman, E. Harold, 1936. Attempted reversal of filanal penodicity 
in liirofilana immitia. Proc. Soc. Exper. Biol, and Med., vol 33, pp, 524-527. 

34. Faust, E. C., 1929. Human Helminthology. Lea and Fcbiger, Phila- 
delphia, U. S. A. xai -f 616 pp. 

35 Reed, Walter, Carroll, James, Agramonlc, A , and Lazear, Jesse W , 
I90Q. The etiology of yellow fever— a preliminary note Proc of the Twenty- 
eighth annual meclmc of the Amer. Public Health Assoc, Indianapolis, Ind, 
Oct. 22-26. 

36. Soper, F. L , Penna. H., Cardosa, E , Serafim, J , Jr , Frobisher, M., Jr , 
and Pinheiro, J , 1^3. Yellow fever without Aides aegyph Study of a rural 
epidemic in the Valle do Chanaan, Espinto Santo, Brazil, 1932 Amer Journ 
Hj”?., vol. xvih, no. 3, pp 555-^7. 

37. The Rockefeller Foundation, a review for 1936 by Raymond B Fosdick, 
President of the Foundation 1937. Pp. 13-17 

38. Burke, A. W., 1937. An epidemic of jun^e yellow fever on the PlamiUo 
of Matto Qrosso, Brazil. Amer. Joum. Trop Med , vol 17, no 3, pp 31S-334 
_ 39. Shannon, RvC., Whitman, L.. and Franca, M , 193S Yellow fever virus 
m jungle mosquitoes. Science, vol S3, no. 2274, pp 110-111 

40. Chandler. Asa C., and Rice, Lee, 1923. Observations on the etiology 
of dengue fever. Amer. Journ. Trop. Med., vol ui, no 3, pp 233-262 

41. Ashbum, P. M., and Craig, C. F, 1907 Experimental investigations 
regarding the etiology of dengue fever. Philippine Journ Sci., B , vol », no 1, 
pp. 93-147 -f 27 charts and one map. 

42. Simmons, J. S., St. John, Joe H , Reynolds, F. H K., 1931 Experimental 
studies of dengue. Philippine Bureau of Science, Monograph 29. 4S9 pp 3 
plates 

43. Graham, H., 1902. The dengue: A study of its pathology and mode of 
propagation. Med. Record, vol. 01, pp. 204-207. 

44. Russell, Paul F,, 1931. Avian malaria studies, HI The expenmental 
^’d^^'ology of aiian malaria; introductory paper (with ICO references) 

■ ' ‘ . ■ *' itt, B, 3931 Newer knowledge 

Joum Amer Vetenn.ary Med 

Assoc., vol. Ixxix, ns. 32. no. 3, pp. 376-380. 

40. Herms, W. B , meeler, C. M., and Hcrm.*, H. P., 1934. Attempts to 

in»'«rn,4 r-.u-f. 1..* 1 . ... s blo^sucking insects, especially 

■ . ■ o. 5, pp. 0S7-99S. 

i ' *' _ • rf.. - vectors of the virus of equine en- 

cephalomyelitis. Joum. Amer. Vet. Med. Assoc., vol. bcocii, na vol 35, no. 5, 
Pp 707-771. 

48. Mftdscn, D. E. KnowUon, G. F., and Rowe, J. A., 1930 Further studies 



226 MEDICAL ENTOMOLOGY 

on transmission of equine encephalomyditis by mosquitoes. Joum. Amer. y«t. 
Med. Assoc., vol. Ixxxix, n.s. 42, no. 2, pp. 187-196. 

49. Merrill, M. H., liScaillade, C. Wm., Jr., and Ten Brocck, Carl, 1934. 
Mosquito transmission of equine encephalomyelitis. Sdence, vol. 80, no. 2072, 
pp. 251-252. (Sept. 14.) 

50. Madsen, D. E., and Kno^lton, G. F., 1935. Mosquito transr^eu of 
equine encephalomyelitis. Joum. Amer. Vet. Med. Assoc^ vol. Imvi, ns. 39, 
no. 6, pp. 662-666. 

51. Simmons, J. S , Reynolds, F. II. K., and Cornell, V. H., 1936. T^an^ 
mission of the virus of equine cncephalomyehtis through Aedes cl 5 optclwSkuse 
Amer. Joum. Trop. Med., vol. 10, no. 3, pp. 2S9-302. 

62. Syverton, J. T., and Berry, G. P., 1936. Arthropod vector for equme 
encephalomyelitis, western strain. Science, vol. 84, no. 2173, pp 186-187. 

63. Tyzzer, E. E., Sellards, A. W., and Bennett, B. L., 1938. The occ^ce 
in nature of "equine encephalomyelitis” in the rii5g-necked pheasant. Science, 
vol. 88, no. 2291, pp. 605-506. 

64. Howitt, B, 1938. Recovery of the virus of equine encephalomyelitis 
from the brain of a child. Science, vol. 88, no. 2289, pp. 455--456. 

65. Brody, Arthur L., 1936. Tlic transmission of fowl-pox. Comdl Univ 
Agric. Exp. Sta. Memoir 195, 37 pp. 



CHAPTER XIII 


MOSQUITO ABATEMENT 

Historical, — ^L.,0. Howard,* for many years (1894-1927) chief of the 
United States Bureau of Entomology, records “an experiment against 
mosquitoes” which he conducted in 1892 . How’ard "sprinkled four ounces 
of coal oil upon the surface of the pond” which he found "contained 60 
square feet. , . . The pool which upon the evening of the 6th (July) had 
been teeming with animal life, contained no living insects during the 
following ten days. The kerosene, curiously enough, seemed to exercise 
no deterrent effect upon the adult female mosquitoes They still con- 
tinued to attempt to deposit eg^ and in this attempt were destroyed This 
18 in my opinion a most important point, and one which has hardly been 
anticipated.” This experiment was made m the Catskill Mountains of 
New York at an elevation of about 2A00 feet. 

The work of Gorgas in controlling yellow fever in Havana in 1901 ana 
that of Gorgas and Lc Prince * in controlling yellow fever and malaria in 
the Panama Canal 2one attracted much attention to the subject of mos- 
quito abatement. Ross (1902), in his book "Mosquito brigades and how 
to organize them,” gave much practical information regarding methods 
of mosquito control. 

Public interest in the United Slates was greatly stimulated by the 
appearance of J, B. Smith's "Report on the mosquitoes of New Jersey ’ tn 
1901. Salt marsh mosquito abatement on the Pacific coast began a 
Burlingame, California, in 1905 » and in 1910 « the first specific malana- 
mosquito control work was begun by the writer at Penrjm (Placer 
County), California. As early as 1910 the writer called attention to the 
danger from malaria due to seepage from poorly constructed irrigatjon 
ditches and canals in California. “The use of metal, cement, or tile irriga- 
tion ditches, which prevent lateral flow except where wanted, will help 
greatly in lessening the vast number of (malaria) mosquitoes now pro- 
duced in or by poorly kept ditches.” Farmers of northern California were 
admonished to "pay more attention to the improvement of their irrigation 
methods." 

In 1013 » Carter of the United States Public Health Service began to 
make malaria suri’eys in Virginia and North Carolina In 1914 a Fedew 
appropriation of SIG.OOO was provided for malaria investigations by the 
Public HcalUi Service; 22 eurv'C}-® and three malaria control deraonstra- 
537 
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tions were made in seven states in that year. From 1914 to 1928 the 
United States Public Hcaitli Sendee conducted directly or in coopera- 
tion mosquito-malaria contjt)! work in 343 communities in 17 states, and 
including surveys and investigations in 667 communities in 24 states. 

Organization for abatement work. — Before actual mosquito abate- 
ment work is undertaken, it roust be planned and organized.® There must 
be an adequate preliminary survey. The services of an experienced and 
practical mosquito-abatement expert should be secured to make thh 
survey. The expenses for the preliminary survey are usually defraye 
from funds raised by public subscription. ■ ^ 

The preliminary report should include data and recommendatjons 


on the following matters : 

1. The boundaries of the area which should be included within the projnl. 

2. The population, area, and assessed valuation of the proposed dElnct. 

3. The location and areas of the principal breeding marshw. • • j 

4. Tentative suggestions as to the best method of control for eac p 

breeding marsh. . /.„v„tonipnt 

5. The amount and types of domestic breedmg, and meawres o 

6. The particular species of mosquitoes involved rocb as 0 
Coq. and Culez pipieru Linn, with a brief discusrion of toeedmg MD 

7. The probable organization that will be required, including p 

equipment. .^ worHinW- 


8 Detailed preliminary estimates of cost, both „,ij v* mV 

ing capital outlays) and for r^ular maintenance. With these 
mitted comparative costs for districts of similar size and condition • . . 

9. The economic losses caused by mosquitoes in the proposea , . ' 
the economic savings which should result from adequate mosqui 


measures. ^ 

Personnel, — ^The general supervision of the work, 
policies and finance, is usually in the hands of a board or com 
appointed in various ways in different states. The .jjjtiBg 

undertaking should make the proper representations to e a 
power or powers, so that only citizens of outstanding charac e 

ity are appointed. It is desirable that the members of the 

mission serve without compensation, except that expenses incu 
performance of duty should be defrayed. In making selec lo a 

to include an outstanding physician or two, a public-min e p^all 
respected and able civil engineer, and a successful business 
should have a deserved reputation for unselfish ' .gjectio'' 

The most important duty of the Board or Commission is 
of the executive officer, who for the larger districts shou .g^y^ (2) 
the following qualifications: (1) agreeable personality an 
successful experience in mosquito abatement work, (3) a _ 
ability, (4) training in entomology and sanitary engineering, 
districts this officer may well be of the working-foreman ype- 
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In large districts it is necessary to subdivide the force into divisions 
which can be handled by one man, a responsible foreman or inspector, 
and a crew of laborers. The foreman should be a full-time man, must be 
active, energetic, interested in his work and able to handle his men in 
ditching or oiling work. As he is in immediate contact with the public, 
he must have a good personality, and must be able to get along with 
people. He will require much “backbone,” plus self-restraint and 
patience. He must be physically equal to sustained activity in the field, 
for the work is frequently arauous. 

Adequate office facilities must be provided, inclusive of clerical and 
telephone service, for public contact and business purposes. Detailed 
maps of the district must be available, a reporting system, and a book- 
keeping syslero in conformance with legal requirements must be devel- 
oped. The office should maintain a skillful and continuous program of 
publicity and public education. 

Inspections for mosquito breeding.— Inspections for the purpose of 
finding breeding places in organized mosquito abatement districts are 
either made upon the receipt of complaints or for routine purposes. The 
inspector should be guided by the nature of the complaint, (1 ) mosquitoes 
annoying at night, affecting sleep, and (2) annoying during the daytime 
or toward evening, while working in the garden or watering the lawn In 
the first instance it is probably a domestic fresh water species, breeding 
on the premises or in the immediate vicinity. In the second instance it is 
probably a salt-marsh species, if such exists in or near the district. In 
the previous chapter exceptions to this rule are discussed, particularly 
the spring dispersal flights of Anopheles. Obviously the inspector must 
have a thorough knowledge of the species of mosquitoes and be well 
informed concerning breeding habits. When complaints are received, the 
inspector should visit the premises and if possible capture mosquitoes 
for identification, so as to simplify inspection for lan’ae and to insure 
effective abatement. 

In searching for adult mosquitoes for species determination it is 
important to remember that few species are active during the day, hence 
one must search for them in dark, cool and moist places, under houses, in 
basements and collars, behind pictures, in closets and dark comers. An 
electric flashlight is very useful. Aedes dorsalis (Meigen) and other day 
fliers often hide in shrubberj’ and may be found by shaking bushes and 
vines or kicking uceds The mosquitoes may be collected in small 
cyanide bottles or by means of a sucking tube with an extension rubber 
lube. 

Inspections, whether due to complaint or ns a matter of routine, must 
be thoroughly and intelligently csiricd out; the breeding may be occur- 
ring in n rain barrel, a lily pond, or a concealed cesspool; it may be taking 
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place in a concealed chamber fed by a natural spring; in an abandoned 
well, a broken or clogged sewer or drain; floor boards may have to be 
removed. 

The work of routine or house-to-house inspection must be properly 
organized for efficient and economical coverage. The inspectors mast be 
intelligent, well trained tcehnically and must be capable of meeting all 
sorts of people. 

In inspecting large tracts of marsh to locate the precise producing 
areas, it is always advisable to mark off the marsh into definite sections, 
which can be examined one at a time, so that no portion is overlooked 
Breeding areas, when located, are marked by setting up stakes in the 
center of the breeding area for the crew of oilers which follow, or for 
future reinspection. 

Essentials of mosquito abatement. — ^Bearing in mind the fact that 
no mosquito ever came into existence without water in which its lanai 
stage w'as completed, and that a ver>* small quantity of water, even a 
thimbleful, may sen-e the purpose very well, the control of collector 
of suitable water available to mosquitoes is a matter of importance, e 
objective of mosquito abatement operations is the elimination oi n>os 
quito production. The abatement method must be suited to the mosqui 
involved, ^far^lh drainage or the usual oil treatments would be ’ 
in the control of tree-hole species such as Aedes varipalpMi (Coq.) ^ 
tree surgery is indicated. . 

Other principles of importance in mosquito control operations 
temperate-zone conditions are as follows: 

1 The work should be started early in the spring wth the first app«a 

of larvae, and kept ahead of the mosquitoes , ... . 

2 At the end of the breeding season efforts should be intensi -jqjj 
the last brood as far as possible so as to have fewer overwintenng 

to start next year's brood. . for 

3. Use the winter months for maintenance work on drainage ^ 
construction of new drains and permanent structures; and for p 
folloiving year’s work 

Drainage. — The removal of water which may collect 
mosquitoes presents a distinct problem in nearly eveiy case. T ® 
drainage required in most cases will generally not require -j^eer. 

and would probably not commend itself to the average ci^ 

There are, however, drainage projects of considerable propo 
will require engineering skill; such skill is eminently necessaty 
scale salt-marsh drainage operations where 
dykes, drainage canals, pumps, tide gates and the like. Unices ^ 
tive officer is himself an engineer, properly qualified engineenn 
must be employed to secure effective control. 
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la the case of a swamp caused by springs, a system of deep circum- 
ferential cut-off drains is recommended in order to intercept the seepage 
water and conduct it around the wel area. Where streams debouch from 
the hills on to a flat plain or valley, water from heavy rains, particularly 
in the spring, tends to spread out and leaves temporary pools which may 
produce mosquitoes. Usually these temporary pools can he more eco- 
nomically controlled by oiling, but in some cases at least drains may be 
dug which lead back into the main stream at a lower elevation. These 
ditches will usually require considerable maintenance. 

Mosquito breeding in rolling countiy is commonly due to artificial 
obstructions, particularly railroad or highway embankments with im- 
properly placed culverts. Usually culverts are set too high so that pools 
or swampy areas are formed on the upper side of the embankment. Cor- 
rections ate usually not speedily made if at all, hence heavy oiling is a 
necessaiy remedy. 

In some swampy aituatiohs because of small or .negative gradients, 
drainage becomes very difficult or impossible. In such cases sumpage 
ditches or sumpage wells may be constructed and the collected water may 
then be heavily oiled. Surface water may also persist because of hard- 
pan (inaperrious subsoil, etc.) , in which case vertical drainage may be 
resorted to by digging sumpage wells, or by blasting. 

Drain ditches. — The purpose of laying out drain ditches is to secure 
effective and economical drainage. Where the general slope of the ground 
19 appreciable to the eye, this is usually a simple matter, i.e., following 
the low points to a place where the drainage water can be disposed of into 
some natural water course or other situation where there is sufficient fall 
to carry away the water. Laterals ore then run irom the main drain by 
the shortest distance to connect up with low spots or wet areas. The bot- 
tom of the main drain ditch must be kept deep enough so that the laterals 
can reach all the low spots in the area to be drained. 

For most of the ordinary ditching for mosquito control transit and 
level ate unnecessary. All that one needs are a few long stakes, 600 feet 
or more of stout chalk line or strong cotton cord, for line, and a hand level 
W'ith a ten foot board marked in feet and inches. If drains of consider- 
able siic and yardage arc to be excavated, the usual surveying methods 
are employed and the work, perhaps, should be done under contract with 
power machinery. 

Hand labor, using pick and shovel, sen'cs most purposes very well. 
As a rule the square-point long-handled showl is to be preferred over the 
round-point shovel for ditching. Under some conditions long-handled 
spades may be satisfactory. Mattocks may be found useful in some soils. 

In many cases, more or less dense vepstation has to be cut down and 
cleared before ditching can be performed with any speed or economy. 
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Heavy grass or weeds may be cutwitl) scytlie, sickle or n'lacliete. Inopen 
fields a horse-drawn liay mower, if available near by, may be economical. 
For brush, either axes, brush hooks or machete may be used. The ma- 
chete, however, is a dangerous tool in the hands of a man not accustomed 
to its use. 

Dense grass and some forms of brush may also be killed by applying 
stove distillates or Diesel oils, which are toxic to vegetation. After kill- 
ing and drying, the dry vegetation can be burned, particularly if a 
sprayer is used with distillate to augment the blaze. Arsenical veed 
killers such as sodium arsenite, or an acid solution of arsenious chloride, 
may be used where there is no danger of cattle or other herbivorous 
animals being affected. However, in any agricultural community the use 
of arsenical weed killers should be avoided. 

Weed burners, constructed on somewhat the same principle as the 
plumber's blow torch, and capable of throwing a blue flame two or three 
feet long, can be used for clearing dense vegetation, but the gcncrsl ex- 
perience seems to be that they are more expensive than other roetho(bof 
clearing. If burning is to be done due consideration must be given to 
nesting season and nesting habits of wild life. 

Ditching with dynamite. — Swampy ground too wet to ® 
team may often bo economically ditched with dynamite. SpeciaUirM- 
tions will have to bo followed and trial shots will be necessary as a rule 
determine the correct depth of holes, their distance apart and the amoim 
of dynamite per hole. The most satisfactory results are obtaine f 
using 60 to 60 per cent straight nitroglycerine dynamite, fired by ee 
propagating detonation. . ^ 

Dynamite ditch construction is advantageous in that a ditch caa 
blown through land with stumps, boulders, etc., without first remo 
these obstructions, by placing heavier loads at these points. 

Maintenance of ditches. — ^After the drainage ditch is 
must be maintained in effective working order. Three main con i 
making constant maintenance necessary are: 

(a) Growth of vegetation, 

(b) Caving or sloughing of banks, 

(c) Artificial obstructions 

Under some conditions growth of vegetation in and 
ditches is not a problem, but as a rule ditches will require cleanog® 
times a year in order to keep them free from obstructing 
tropical or semi-tropical countries the problem of 
from vegetation is most difficult, and the source of considerable 
nance expense. i.-gg 

"While weed killers may be helpful under some conditions, depen 
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must be placed in most cases on hand labor in cutting down and clearing 
out growths. The frequency of clearing will depend, of course, on local 
soil and climatic conditions, and it will be difficult as a rule to estimate 
in advance what the annual cost of maintenance of ditches will be. 

Caving or sloughing oi ditch banks is apt to occur in new ditches, for 
the first year or two. After that the banks usually become fairly stable, 
and but little further trouble is encountered, unless cattle are pastured 
along the ditches. In that case they may break dorni the ditch banks 
and cause some trouble. 



Fia 80 — ErMlJ" m the irngalJon ditch arc rwronsiWc (orccmaidcrahlc imindation, 
pi-otlucing faiorable breeding pl«rp* for ino»(j««tocK The rapidly mnnitig water in 
the ditch I* unfaiorable /of mowjuitof' 


Artificial obstructions are as a rule frequent only in (he vicinity of 
public roads near a city or town. It is surprising the number of people 
who will haul refuse away from tbcir homes out into the countrj’ and 
dump it. Usually they will dump it in « ditch close to a road, and block 
(ho ditch completely or partially. Tlie ditch thereupon becomes n mos- 
quito breeder. 

Prequent inspection of drainage ditches, say at least once cverj' two 
or three weeks during tiie breeding season, should be carried on, and all 
obstructions to flow, whether natural or artificial, removed promptly. 
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During the winter all ditehes should be gone over enre/uHy and trimmed 
to grade and the proper side elopes of banks, so as to enter each bteeditis 
season with all ditches in first-class order. 

Irrigation.— TOiere irrigation is properly practiced with due atten- 
tion to the economical use of water and good farm practice, there need 
be Jio mosqmto breeding »nd consequent malaria menace. However, 
when seepage results from breaks in ditches and particularly from side- 
hili canals, ideal swampy areas are produced and cattle and horses leave 
water-filled hoof prints, an ideal breeding situation for Anopheles macu- 
lipennis Meigen. Because of the breeding habits (in seepage water) of 
this important malaria-bearing mosqmto, poorly constructed and im- 
properly operated or leaking irrigation ditches commonly account for 
malaria in the neighborhood. (Pig, 80.) 

Wilson in ^'Irrigation Engineering*' (John Wiley & Son) points out 
that "malarial effects are not attributable directly to the results of irri- 
gation where it is economically and properly practiced — ^where care is 
taken to irrigate only land which has an open soil and such slopes and 
natural drainage as to prevent waterlogging, no unhealthy effects will 
result. , , , It is desirable, in order to mitigate the possible evil effects of 
irrigation, to keep the canal as much as possible'within soil so that its 
surface level may be low, and thus only raise the sub-surface water plane 
to the least height practicable; that earth wanted to complete embank- 
ments be never taken from excavations or borrow-pits except where such 
localities admit readily of drainage.” 

Cheapness of water invites wastefulness and carelessness, leaky pipe 
lines, leaking ditches, and excessive application will not be tolerated 
where water is more expensive. As the cost of water increases or the 
public health significance is appreciated, improvement in irrigation 
practice follows; where a few years ago dirt ditches permitted seepage 
and often became weed grown and little attention was given to drainage, 
there are now concrete ditches with intelligent attention to drainage. 

It may be pointed out that there is a distinct difference between agri- 
cultural drainage and mosquito abatement drainage as applied to irriga- 
tion districts. Agricultural drainage is concerned merely with the prob- 
lem of lowering the ground water level to a point where crops can be 
raised successfully. Frequently considerable quantities of mosquito- 

breeding water remain, often in the drams themselves. (Fig. 81.) Sue 

drainage consists usually of large, deep main drains with comparatively 
few laterals. Mosquito abatement drainage, on the other hand, is a mat- 
ter of more careful attention to detail, with great care to obtoin uniform 
grades and smooth bottoms /or Ibe drains, so as to avoid mosquito 

SaU?jnarEh drainage,— ^alt-marsh drainage requires special study 
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and experience because of tidal action, soil conditions, differences in 
behavior of salt-marsh mosquitoes and other factors. The rich reward in 
comfort and reclaimed land has given incentive to salt-marsh mosquito 
abatement. Strong public-spirited organizations have given marked 
support to this work on the Atlantic coast as well as on the Pacific, par- 
ticularly in New Jersey and California. 

These marshes include vast areas of tidal marshes affected by salt or 
brackish water along the shores of oceans and particularly the various 
bays, sounds and estuaries. The effect of daily (diurnal) and spring tides 
resulting in fluctuations of waterlcvel is the principal feature distinguish- 
ing these from fresh-water marshes, although other characteristics are 
of importance such as the salt-marsh vegetation. 



Fw SI— Draiuiife water roaaltlntr from Irrigation, a aourcc of Enjrtada of jnoa 
quitoca Tbc atnall ditch in the background will rcmore the difilcuUr. 


IVhilc 8.alt marshes appear to be flat (Figs. 82 and 83), there is a 
gradual slope between low tide level and the adjacent dry land. For prac- 
tical purposes these marshes may be divided into two main areas, the 
area subjected to daily tidal action where mosquito breeding seldom 
occurs and the area between the elevation of mean high tidal water and 
the elevation of the Extreme high tides. It is in this latter area where 
practically all the breeding of salt-marsh mosquitoes occurs. 

Mosquito control operators concerned with projects involving salt 
marshes roust acquaint themselves thoroughly with tidal phenomena. 
TJicse \'nry in range and type in different parts of the world. The so- 
called "spring” tides, one or two of which occur each month, are the tides 
which fill pools along the upper portions of the marshes, and in these 
pools the principal salt-marsh mosquito breeding occurs. 

The dates, times and heights of the monthly highest tides are im- 



236 


MEDICAI ENTOMOtOGy 




MEDICAL ENTOMOLOGY 

poftmi in (heir bearing on the approximate time of emergence of a nw 
cropof salt-marsh mosquitoes. Itshould be the invariable pmcUcc dur- 
ing the salt-marsh mosquito breeding season to inspect all known or sus- 
pected marsh breeding areas, beginning about two days after the highest 
tide and completing the inspection within six or seven days. The delay 
of two days is for the purpose of giving the larvae opportunity to develop 
to a Buflicient sire to he easily seen with the unaided eye. As under favor- 
able conditions the time from egg hatching to emergence may be as short 
as eight days, it is obvious that if a flight is to be prevented, the inspec- 
tion and necessary control measures must be completed before the time 
of emergence. 

Because salt-marsh mosquito control involves the location of dykes 
and tide gates, the knowledge of the dates, times, and heights of both the 
lowest tides and the highest tides, particularly of "storm tides," the com- 
bined effect of "spring tides" and pHtog up of water on shore due to high 
winds and river flood waters as well, is ijnportaQt. 

Marsh vegetation is often very dense and interferes with inspection 
and oiling, hence burning is usually recommended. It must be borne in 
mind that peat deposits commonly occur, and if the water level has been 
lowered due to drainage, which is usually practiced, dry peat may ignite 
and a peat fire result. Peat fires can only be extinguished by flooding, 

just mentioned, o fire hazard may result, but also an aadiuonal uazaiu 
may follow in the shrinkage of the soil and the formation of “cracks." 
These cracks may be several feet in depth and may contain’ water in 
whjclj mosquitoes breed in abundance. Such cracks arc difficult and 
expensive to oil, hence an area of marsh that has cracked due to drainage 
opcrotioits should be plowed st> as to break up the surface and fill in the 
cracks. An occasional disking after the initial plowing is recommended. 
For mosquito abatement purposes it is desirable to lower the water level 

, ..... .5', ^ .... t— >r> /lpTl«e 

there is a peat fire hazard. Drainage uuuuutiuzign.uov . 

wild life conservation, , „ j f 

marsh drainage the marsh is opened up oy uiiento w u.- ... 
flow of tides 80 as to eliminate standing water suitable for mosquito 
breeding. In the reolamation type the area to be drained is surrounded on 
the low sides by a dyke which is pierced in one or more places by outlet 
structures, tide gates, which permit water behind the dyke to run Qu a 
low tides, but prevent the return flow at high tides. Suitable drainage 
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ditches are dug to conduct water to the outlets (Fig. 84). The reclaimed 
marsh may be used for agricultural or industrial purposes. 

Filling and pumping. — In almost all mosquito abatement work low 
wet areas will be encountered which cannot be economically drained. 
Although some such places may be ponded and the water stocked with 
top minnows, usually the most satisfactory method is filling. (Fig. 85.) 
Most smaller holes such as borrow-pits can be filled in by hand shoveling ; 



I'lo SI - 5«It (0«nb ilraloasc opcrationa wUli drag Iin« aouatv^ oo timber mala 
to prctrnl aioking ia nuJ. The bucket la about to cut ioto a breeding pool which 
will be drained Into ditch In foregroond (Thotoewpb br II. F. Gray.) 
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larger holes may be filled by ineaia of a horse-drawn scraper. If sani- 
tarily handled, municipal garbage and refuse may be used in a “fill and 
cover" method. Such fills are covered with earth so as to obviate fly and 
rat breeding. 

Salt marshes may be filled by hydraulic dredges, which suck mud and 
sand from the bottom of an adjacent bay and pump the mud and water 
mixture through a pipe and discharge it on the marsh. Where harbor or 
channel improvements are being made by hydraulic dredging very satis- 
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factory arrangements may often be made to use the mud and sand at a 
near-by mosquito-breeding marsh. 

When the general land level is at or below the low-water level of an 
adjacent river or bay, pumping has to be resorted to. Portable pumping 
units are frequently of much value. 

Sundry nuisances. — ^Water-holding receptacles of many kinds may 
prove suitable situations for mosquito breeding and must not be over- 
looked by the "mosquito roan.” However, it sometimes happens that an 
overemphasis of Uie tin can results in atlracling the attention away from 
more important matters, such as dripping hydrants, stagnant ditches, etc. 
Indeed the water in tin cans unless m shady situations usually becomes 
too hot for mosquitoes during most of the summer (Fig. 86.) Heaps of 
broken gourds commonly reek with mosquito larvae, tubs and barrels of 
water frequently produce many of these pests, though rather rarely 
anoplichncs. Stagnant water in poorly constructed street gutters is often 



I'lQ so -Tin can*, tub* and barrel* lo nhub water nia> jtand and breed tnosijwiloes 


a serious menace. Dripping faucets (Fig 87) may result in pools of 
water suitable for mosquito breeding. 

Oils and larvicldes. — All too commonly mosquito abatement and the 
spraying of kerosene on water arc thought of as practically synonymous. 
While the application of oil to water to kill larvae and pupae has a 
definite place in mosquito control, all properly conducted mosquito 
abatement districts look upon oiling as secondary to the primary methods 
previously discussed. However, because oil may play an important role 
at critical times, specification of types of oil and their proper use should 
receive careful attention. 

Oil for mosquito control must be lethal to larvae and pupae, i.e., a 
complete kill mustbe effected; it should have lasting qualities (particu- 
larly to trap ovipositing females as long ns possible) and roust spread 
a ell on the surface of tlic water. Mixtures suitable for Jarvicidal purposes 
should haveaepccific gravity of 31*lo 39® Baum6 (API) and a 'viscosity 
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at least until the matter is further investigated. It is probably sufficient to 
keep to the vrmdward of the dust doods and to avoid inhaling the dust as far as 
possible. In case a great deal of exposure is necessaiy, one should use some pre- 
caution to keep any large amount of Paris green from entering the clothing or 
accumulating on the skin. The danger to domestic animals through drinking 
treated water seems very remote. ... We have never observed any effect of 
the poison on culicme larvae or on any aquatic insect or animal, however deli- 
cate, other than the surface feeding auophelme larvae. In particular, we have 
not observed any indication of harm to top-feeding minnows or to any other 
natural enemy of larvae." 


Application of oils and larvjcides. — ^Methods of applying oils and 
larvicides will, of course, depend fundamentally upon the nature of mate- 
rials used, i.e., whether liquids or dusts, also whether large areas are 



Fio. 80 — Showing use of knapsack spray pomp in mosquito control 


involved or only a catch basin, for example. For relatively small areas or 
for numerous small and widely separated areas, hand appVicat'on is most 
economical and convenient. Where only a few small pools oeed to be 
oiled, no doubt pouring on a small quantity of kerosene by hand would 
suffice. . , , 

Hand spraying equipment such as the knapsack spray pump is almost 
universally used. This type of equipment partly atomizes the od, result- 
ing in a better spread and a better cover of the water surface, and is nt 
the same time more economical in the use of oil and in labor. Knapsac 
sprayers c ■ . ■ 

.. r** .j : ....■■■■ mffliner 

ity, fitted ' ■ „ j, 

until a strong air pressure is built up. To the outlet pipe, vvuicu e 
to the bottom of the container, is attached a piece of flexible hose ana 



MOSQUITO ABATEMENT 245 

spray nozzle. The spray nozzle is usually attached to the end of a one- 
quarter-inch metal pipe. (Fig. 88.) In operation the tank is filled about 
three-quarters full with oil. A hand lever e.vtending over one shoulder 
when the sprayer is strapped on the back operates the pump plunger. 
The container should be provided with a lip about one and one-half 
inches high extending around and above the tip of the can to prevent oil 
from spilling down the back of the operator. One man w'ith a knapsack 
sprayer (Fig. 89) can oil about five acres per day of eight hours under 
open field conditions. 

Paris green dusts may be broadcast by hand or by means of a 
mechanical blower, preferably the rotary type. In either case the dusting 
should be done with the wind go that the dust floats away from the work- 
man, thus avoiding exposure to the arsenic which may cause a dermatitis, 



Where anophelinc marshes of great area are to be treated, airplane 
dusting is to be preferred,** 

Power sprayers are comiuoDly used in mosquito abatement opera- 
tions. Tractor equipment with special tires as shoam in Figure 90 make 
it possible to carry on operations under exceedingly difDcuIt marsh condi- 
tions. 

OUed sawdust may be used to good advantage. The practical use of 
this material first came to the notice of the water while on military duty 
in 1918. A email detachment of troops was camped near an abandoned 
sawmill and a huge hill of sawdust was available for filling numerous 
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ecale the writer rocommeBds mixing sawdust and ordinary ind oil b a 
large pail and broadcasting it by hand where needed. A smah winding 
creek much overgrown with shrubbery and weeds, with steep banks and 
many pools, was very successfully treated in this manner. 

On marshes frequented by wild fowl it is important that heavy oils 
such as crankcase or crudes should not be used, as these frequently do 
damage to the birds, apparently by gumming their wing feathem so as to 
make flight impossible. Aa a result many water fowl are killed. One of 
the first objections from duck clubs when oiling is proposed arises from 
the fear that such heavy oils may be used to the damage and destruction 
of water fowl. 

OH Drips , — The use of oil drips is well described by Le Prince ** as 
follows: 

*'The use of *oil drips’ for interxnittenl or continuous application on ditches 
or streams contauung moving water has prov^ satisfactory. \Vbcrc the heavy 
oils are used the drip can is placed 3 to 4 feet above the water surface so that 
the drops of oil strike the moving water with a blow and at once change into a 
thin oil film. The stand, base, or object that supports the drip can must be 
secure and beyond danger of removtd by flood waters. Cans of from 6 to SO 
gallons' capacity arc us^ for dripping, ihe drip outlet 5s placed ecveral inches 
from the bottom to allow of the settling of the heavier constituents of the oil 
that might clog up the outlet. The oil being warm b the daytime fiowe Tnote 
freely than at night. The object of a drippbg stream is to allow a sufficient 
number of drops of oil to fall on the movbg water surface to form a continuous 
thin film. The water m ditches or streams so iteaicd and kept fairly well deaned 
or free from obstructions will conv^ the oil to all parts of the stream below the 
drip can and it will keep a film of od on the places of mimmvua or «ero current. 

It is b this quiet water that most mosquito larvae are apt to occur. 

"On ditches and streams havbg an avenge width of water surface of one 
foot, from 10 to 20 drops of oil per mbute are applied. The quantity of oil 
required depends upon the ^read of oil, the alignment of the stream, roughn^ 
of banks, grade, obstructions, etc. For economic control a trial should ^msae 
at each ditch or stream where a drip can is used to determbe the desired rate 
of flow. The drip can should be legbated accordbgly* In many 
need be operat^ continuously for only one or two days of each we«. With 
larger streams it may be found necessary to operate the drip contmuouay day 
and mght. On long streams or ditches it is at times necessary to i^e sever^ 
drip cans. They are then eo located that the next drip can is installed approxi* 
mately at the pomt where the effect of the drip at the source disappears. Con* 
tmuQus dry weather may make it necessary to discontinue the use of so^ 
drips or to change their location. At such season, pools will be left isow 
at the sides of a stream and wili have to be filled, or separately tr^tea w 
by other methods. When the stream slops nmnbg be use of dnps is disMa* 
tbued and any water left b the stream bed is oiled with a knapsack 
watering pot. With the best care drips will dog, due to suspendea so 
heavy consUtueats b the oil, and must be adjusted as often as necessary, 
disadvantage of off drip cans is that Hey wffi not give satisfactory ■_ 

out proper attention, may become dog^, or be washed away by noods. 
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use is generally more effective and economical than the direct application of oil 
by sprinkler or knapsack sprayer for water in motion. A thinner, but satis- 
factory, film of oil is obtain^ from the heavier cheap oils. 

"A crude but cheap and easily made drip can consists of a five-gallon can 
such as is used for shipping illuminating off. A hole is made in its bottom mth a 
two- or three-inch round nail. A wad of loose cotton is wrapped around the nail 
just below its head. The nail is then pushed through the hole on the inside of the 


and the tap adjusted to give within a few drops of the number desired to be 

•• 1,, ». . 4- TT/V— 41. ( 4-. 


Rice culture and mosquitoes, — The introduction of rice culture is 
often characterized by hasty, haphazard methods, practiced in order to 
insure quick returns at a minimum expense, with little thought regarding 
efficiency and future rcauUs; sound agricultural practice is disregarded. 
Haste and carelessness are extremely evident in the construction of the 
irrigating systems. These for the most part allow liberal seepage and the 
inevitable result js that the surrounding country is often converted into a 
veritable bog. In most of the ncc districts the entire countr>'side is dotted 
with stagnant pools, the roadsides ore bordered and in some places actu* 
ally covered by stagnant water which Is, almost without exception, fur- 
nishing breeding grounds for myriads of mosquitoes. It is a conservative 
estimate that more than one-half of the incrcaseof mosquitoes due to rice 
culture can be traced to such situations that are largely due to neglect 
and could be wholly corrected. 

The breeding of mosquitoes in the seepage and drainage pools outside 
the rice fields is inexcusable. (Fig. 91.) In the first place, careful and 
efficient irrigation construction would do away with these pools almost 
entirely, except where the water has been raised to the surface, and, sec- 
ondly, those pools that arc not eliminated by such construction could 
easily be cleaned up by draining into & running stream or filling in the 
depressions that harbor them. All these expedients failing, surface oiling 
will kill all the lan*ae that happen to be present. With these secondary 
pools cleared up, certainly 50 per cent of the mosquitoes of the rice field 
districts will be eliminated. The water is not turned into the rice fields 
permanently much before June 1 in California. The mosquitoes of the 
district, however, have been breeding in other available places since 
March or tome time earlier. Every mosquito destroyed previous to the 
flooding of the rice field means the cutting off of its countless progeny 
that would otherwise breed undisturbed in the flooded areas. Again, at 
the end of the season, the mosquitoes continue to breed for a month or two 


248 


medical entomology 


after the water js drained off the fields, depositing their eg^ in ncgiected 
pools. In this way, the adults that overwinter and start the next sum- 
mer a crop are prodneed. It seems plain that if an ardent anli-mosenito 
campaign were waged before and after the water is on the riee fields, 
the numbers left to start the rice field generations would be ercatlv 
reduced. 


Although chemical control of rice-field mosquitoes is seldom prac- 
ticed, oil-soaked sawdust sown broadcast when the rice plants are 
well grown works no apparent injury to the crop and produces an oil 
film that kills practically all larvae. Eao and Sweet “ report that 
the use of a one-per-cent dilution of Paris green in road dust and wood 


f ■ 



Fio 0! — Showing a rice field with roadside eeepage dileh in which mosquitoes breed 

ash, in quantities used for larva! control, produced no ill effects 
rice or in straw yield. There was no indication that dusting should be 
stopped during the period in which the paddy was in flower. Among t e 
natural enemies, fish and dragonflies seem to be the most important, u 
although they undoubtedly exercise some check, they are handicappe 
by the rice-field conditions to such an extent that their influence may e 
of little importance, 

As has already been mentioned, the malaria-bearing mosquitoes wm 
travel but a short distance, varying with the species, 
places and seldom bite except at night or approaching dusk- us 
be seen that malaria prevention demands that those people whose 
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dence or occupation takes them into the rice country at night or at dusk 
should depend on personal protection by veils or screened dwellings, in 
conjunction with careful quinine prophylaxis as a precaution against 
accidental bites. 

Many communities a mile or more away from the nearest rice fields 
have stoically accepted the mosquitoes that infest their dwellings as 
a product of the rice fields and calmly ignored the breeding places that 
abounded on every hand. The observations already made by other ob- 
servers and confirmed hundreds of times on the northern California mos- 
quito survey are that it would be highly improbable that any of these 
communities (thoseamile or more from the rice fields) would be bothered 
greatly by mosquitoes of rice-field origin, as they receive their quota of 
mosquitoes from near-by sources. 

When soil conditions are such that fresh water must be continuously 
added to compensate for loss, an anopheline breeding situation is pre- 
sented and a public health hazard exists. Under such conditions rice cul- 
ture contiguous to communities should, no doubt, be prohibited. 

Creeks and small streams. — Except for flood water left behind 
during overflow from floods, great rivers rarely afford opportunity for 
mosquito breeding. Flood water left behind when rivers recede may be a 
prolific breeding place of certain species of mosquitoes such as Aedes vcx~ 
aM thtcigen) and in some instances a malaria hazard is created in that a 
breeding piece for Anopheles quadrimaculatus Say may result from 
seepage. In many parts of California, as creeks and smaller streams 
recede during the rainless summer, numerous sunny pools arc left behind 
which soon become green with algae (Spirogyra) among which vast num- 
bers of lai^’ae of Anopheles pseudopunctipennis Theobald occur; also 
pools occur along the banks shaded by wild grapes, willow and other 
vegetation, in which Anopheles punctipennis (Say) find a suitable breed- 
ing place. Pools along the banks can frequently be drained off or can at 
least be thoroughly oiled. 

Small streams or creeks that border communities or flow through the 
town frequently become clogged with rubbish and eventually become pro- 
lific mosquito breeders, and situations frequently result which are favor- 
able for Anophclines. Communities should not permit rubbish to be 
thrown into stream beds. By neatly channelizing such stream beds and 
planting the banks with shrubbery, an eyesore and mosquito breeder 
may be rendered attractive and harmless. 

Public utilities street vaults. — In practically all urban areas the 
various public utilities such os telephone, power and light, gas, electric 
railway, telegraph, and water, have numerous vaults in streets which 
are frequently the source of a severe local infestation of Culez pipiens 
Linn, during the breeding season. Because of residues, hea\y oils 
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should not be used ; instead a cresylie acid base landcide may be applied 

at intervals at dilutions of 1 to 10,000. 

Sewer inlets and catch basins.— In the newer types of street inlets 
little opportunity is afforded for water to eollect and remain standing for 
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Linn. Oiling is most economically done by means of a motorcycle side- 
car (Fig. 92) . One filling with 25 gallons of oil, with air pressure to 50 
pounds per square Inch, will suffice for a day’s work, i.e., from 200 to 300 
catch basins. 

Sewage treatment works.— •'Where mosquito breeding occurs in sew- 
age treatment works, a distillate lighUy applied gives satisfactory results 
and is reported to have no adverse effect on any of the treatment proc- 
esses.** Mosquito breeding seldom occurs in tanks actively in service, 
although breeding has been reported in the channels of sewage treatment 
plants where the sewage fiow is very slow. 

Cesspools, privies, liquid manure pits. — Where pit privies are built 
in wet areas, water collects and prolific mosquito breeding (Cwlcx jnpiem 
Linn.) may result. The use of creaylic acid larvicide is recommended. 
■Where liquid wastes are disposed of in leaching cesspools, mosquito pro- 
duction may be very great if mosquitoes have access to them. Even small 
knot holes or vent pipes afford a ready means of entrance. If necessary' 
repairs are made the larvicide need not be applied since egress is cut off, 
otherwise treatment at intervals of about 10 days roust be practiced. 

Liquid manure pits in connection with greenhouses and plant nurs- 
eries commonly produce prodigious numbers of Culex piptens Linn, and 
Culex tarsalU Coq. Oils or lanicides cannot be employed because 
of danger to plants ; however, light applications of pyrethrum extract (in 
kerosene) at frequent intervals is effective. 

Tree holes, — In wooded areas and on estates tree-hole mosquitoes, 
such as Aedes oaripolptM (Coq.) , cause great annoyance. Tree holes, par- 
ticularly in oaks, collect water in which tho mosquito lan'ae grow. Lib- 
eral application of cresylic acid larvicide is recommended; the larvicide 
should be applied not only to the water but also liberally swabbed on the 
wood above the water line to repel egg-laying female mosquitoes. The 
practice of tree surgery has greatly reduced mosquito breeding in tree 
holes. 

Screening.— Biting habits of mosquitoes differ considerably ns al- 
ready explained, c.g., AnopAclcj ptmeWpennw (Say) is a typical porch 
biter which points to the necessity for properly screened porches for eve- 
ning or night use, and Anopheles qucdriwaculatus Say and A. maculi- 
pennts Meigcn are typically Indoor species finding their way inside even 
though no other opening is left but the chimney. The latter species stick 
close to their food supply and follow man into his home, hence screened 
doors opened to admit human beings also admit mosquitoes, and despite 
good screens malarial infection may nevertheless occur. This fact cm- 
phasixea the need of daily destroying the invading anophclinea. 

The following simple suggestions will prove useful; (1) TIjc best sire 
mesh for all purposes is No. 18, l.c., 18 strands to an inch. (2) Screen 



252 MEDICAL ENTOMOLOGY 

doors should be made to open outward, should fit snugly, should be pro- 
vided with a strong spring, and a strip of board should be nailed on the 
lower panel for the foot to push against when kicking open the door, 
(3) Window screens should screen the entire opening and should fit per- 
fectly. (4) Fireplaces should be completely sealed during the mosquito 
season. (5) Sleeping porches and porches used for sitting during the eve- 
ning must be carefully screened. (6) Vestibuled doors are strongly recom- 
mended. (7) Screens must be frequently examined and kept in good 
repair. (8) Mosquito bars or bed nets usually only afford comfort but not 
security, since persons are commonly bitten before retreating beneath 
them. 

Destroy invading anophelines. — ^The indoor anopheline is usually 
more to be feared than the one in the field. Its opportunity to feed on 
human blood and consequently to become infected with malaria is largely 
increased. The daily destruction of all anopheline invaders would cer- 
tainly reduce the danger from malaria to a minimum. In carrying on 
malaria control operations at various points near Newport News, Va.. 
during the World War the writer emphasized this particularly for camps 
so situated that the usual mosquito control methods could not be em- 
ployed Additional precautions were exercised such as the wearing of 
head nets, repellents for hands and wrists and a bi-weekly dose of 30 
grains of quinine. 

Repellents. — ^Night laborers, watchmen, military pickets, and others 
compelled to be on duty at night are, of course, exposed to the bites of 
mosquitoes and should exercise some precaution at least against these 
pests. Repellents of several kinds have been used with more or less suc- 
cess, The writer has found oU of cilronella to be one of the most reliable 
deterrents when simply rubbed on the hands and face; a dozen drops or 
thereabouts placed in the hollow of the hand and thus applied is generally 
sufficient. 

To this oil may be added various other ingredients; for example, 
Howard has found the following mixture most effective: 1 ounce of 
citronella, 1 ounce spirits of camphor, and ounce oil of cedar. Howar 
found this very satisfactory against Cttlei pipiens Linn, by applying a 
few drops on a bath towel hung on the head of the bed. He, however, 
adds that it is not effective against the yellow-fever mosquito, which 
begins biting at daybreak when the oil has lost most of its strength. 

Other deterrents used and recommended by various authors are: a 
mixture of castor oil, alcohol, and oil of lavender, equal parts; or a ew 
drops of peppermintorpennyroyaljoilof tar, oil of cassia, or simp ypure 
kerosene. _ , , r 

The following mixture is known as “Bamber Oil” and has been 
with fair success by the author: citronella oil (not lemon grass ow 
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parts, kerosene (paraffin) 1 part, coconut oil 2 parts. To this mixture 1 
per cent carbolic acid is added. 

Ginsburg reports on a number of teats in ?rhich the New Jersey 
larvicide (pyrethrum-kerosene emulsion) was used as a repellent for 
adult mosquitoes in limited areas for a short period of time. With the use 
of various dilutions of the concentrated larvicide (from concentrated np 
to 1~12) , more or less relief was obtained at various outdoor gatherings 
such as lawn parties, picnics, etc. The results were irregular j in some 
cases practically complete relief was obtained, in others only partial 
relief. Apparently some caution is necessary to prevent damage to foliage 
from the use of too much larvicide. In one case where 5 gallons of concen- 
trate (diluted 1-5) was used on 12,000 square feet area, the lawn grass 
was injured. 

Experiments were conducted in Florida by King, Bradley and Me- 
NceP* to determine the repellent values of certain materials against 
Mansonia perturbons (Walk.) when sprayed over the vegetation in a 
limited area. The sprays were applied just before dusk and the results 
were checked during the following two or three hours. In the presence 
of a heavy infestation of mosquitoes several of the materials gave a high 
degree of protection from mosquito annoyance in the center of a sprayed 
circle one-fifth of an acre in site, when most of the area was covered 
with a thick stand of dry grass and weeds. After the removal of the vege- 
tation the effectiveness of the sprays was much reduced. The materials 
that gave a reduction of over 75 per cent in the uncleared, sprayed 
area were pyrethrum extract, pine-lar oil, oil of citronella and kerosene. 

Natural enemies of mosquixoes. — A review and summary of the lit- 
erature dealing with "Predators of the Culicldae’* by Himnan indicates 
that, excluding fish, the chauccs of finding satisfactory predators is not 
very encouraging. Among the natural enemies of mosquitoes few arc so 
frequently referred to as dragonflies (also known as "mosquito hawks”) , 
bats and sur/acc-feeding fish. Dragonflies, order Odonata, are predn- 
ceous in both the nymphal and adult stage The aquatic nymphs arc 
commonly found in quiet, shallow, permanent pools suitable also for 
mosquito breeding, and both may flourish in the same pool in spite of the 
fact that the dragonfly nymphs, usually relatively few in number, may 
feed on mosquito wrigglers. Since the nymphs feed in the mud and debris 
at the bottom, probably few wrigglers arc captured. If the wrigglers are 
easily available, the nymphs will feed on mosquito larvae voraciously. 
Warren ** reported a nymph of Pontafo consuming seventy-five full- 
grown mosquito lan’ac by seven o’clock in the evening, which lie bad 
placed in a glass half-full of water in the morning. Adult dragonflies arc 
exceedingly adept at capturing roosqmtocs on the wing just before and 
at sunset. However, here again the number of dragonflies, which also feed 
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on other insects, is no match for the mosquitoes. Dragonflies do not fly 
at night when night-flying mosquitoes are on the wing. 

Bats are insectivorous and feed freely on mosquitoes; as many as 250, 
it is said, may be captured by one bat in a night, but with many other 
species of crepuscular and night-flying insects available, bats are not 
effective enough to be a large factor in control, even though one might 
tolerate them in large numbers near the home. Bat roosts, however, have 
been established to accommodate bats for the purpose of mosquito 
control. 

Fish of various species have been advocated for many years. In 
"Nature” for December, 1891 (pages 223-224), there is this item: 
"An Englishman living on the Riviera, according to a correspondent, 
having been troubled by mosquitoes, discovered that they bred in the 
large tanks kept for the purpose of storing fresh water, which is rather a 
rare commodity at this Mediterranean resort. He put a pair of carp 
in each tank and succeeded in this way in extirpating the insect 
pest." 

Howard (1910 loc. cit.) refers to the control of mosquitoes by gold* 
flsh in an ornamental aquatic garden near Boston; 

"I took from the pond a small goldflsh about three inches long and placed it 
in an aquarium where it could, if it would, feed upon mosquito larvae and stiU 
be under careful observation. ... On the first day owing perhaps to being 
rather easily disturbed m its new quarters, this goldfish ate eleven larvae omy 
m three hours, but the next twenty-three were devoured in one hour; and as the 
fish became more at home, the Viggicrs’ disappeared in short order whenever 
they w’ere dropped into the water. On one occasion twenty were eaten in one 
minute, and forty-eight within five minutes This experiment wm frequently 
repeated and to see if this partiality for insect food was characteristic of those 
goldfish only which were Indigenous to this locality experimented with, soine 
said to have been reared in carp ponds near Baltimore, Maryland, were secured 
The result was the same. ...” 

The most useful of all fishes for this purpose is the top minnow or 
mosquito fish,'® Oamhusia affinis (Baird and Girard), a hardy, raptd y 
breeding, prolific surface-feeding fish which within its range normal y 
inhabits shallow water suitable for mosquito propagation. It is vivip- 
arous and may produce as many as six to eight broods in a season wi 
an average of forty to a brood. The size of the fish ranges from w 
inches in length in the male to nearly 2 inches in the female. This s 
is easily propagated and adapts itself to a variety of conditions with ease. 

It has been introduced into various parts of the world, even 
distances, for example, from Texas to the Hawaiian Islands an en 
to the Philippines. Transportation of top minnows can be done ss 
factorily in 10-galIon milk cans with tops punched with holes 
kept below the point where the top of the can begins to narrow. o 
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08 many as 600 fish may be transported for an liour’s trip with only 
moderate loss, not over 200 young fish per can should be shipped on 
longer trips, and special care must be exercised to remove dead fish at 
intervals and freshen the water. 

For garden pools ten equare feet in diameter, twenty top minnows 
will be ample, and no artificial feeding will be necessary. The Gambusia 
will more or less regulate their own numbers according to the food supply 
available. 

Top minnows will evidently not feed on mosquito larvae when 
these are motionless, hence arc not markedly effective in the control of 
mosquitoes whose larvae are sluggish, c.g., the usually motionless larvae 
of Anopheles quadrimaeulatus Say do not attract the attention of top 
minnows as readily as do the active larvae of A. macuUpennis Meig., 
hence the tninnowa are not so effective in control. 

Other fish which have been found useful are Heterandria formoea, 
Ftmdnlus diaphantis and Fundulxts dispar for fresh water, and Cypnno- 
don varieqatus, Fandulus heterocliteus, FttndvXus similis, Fundulns ma- 
jolts and lAiconia para for salt or brackish water. To these may be added 
a number of species as listed by various authors, notably Hcgb,^ Had- 
cllffe*^ and Hamlyn-Harris.** The International Health Board of the 
Rockefeller Foundation has issued (1924) a comprehensive treatise 
entitled “The use of fish for mosquito control." 

In Guayaquil, Ecuador, the ycllow-fevcr-mosquito problem was 
solved according to Connor by the use of fish. Connor states that the 
domestic water supply is delivered to the houses daily and is stored in 
tanks and other receptacles, there being at the time of his writing about 
7,000 of the former and 30,000 of the latter, such as barrels, oil cans, 
earthenware bowls, etc. In these various containers yellow-fever mos- 
quitoes developed in countless numbers. Experimentation with Bcvcral 
species of fish finally resulted in the selection of the “ehafaeo" {Dormi- 
tator latifrons — Family Gobiidac). These fish, furnished to the YcUow- 
Fever Service by local fishermen, were placed in a specially prepared 
well, the conditions of which approximated those of the Btream from 
which the fish were taken. After a few days the fish were remo\'cd to 
a second well, the water of which was the eame as that used by the city. 
Connor writes further ns follows; 


“The fu'h arc then taken from the wells and placed in (ins or pails and 
delivered to the inspectors Instructions have been given to each inspector that 



pubhc of Guayaquil has responded in a whole-hearted manner to the requests 
of the Yc3^ow-Fe^e^ Serrice, and many familiea bare in tbor possesrion at this 
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time the identical fish which was given them to mosquito-proof their water 
container nearly eighteen months ago. 

"More than 30,000 water receptacles have in this way been purged of 
mosquito larvae in a relativdy short time and at a minimum of expense. With 
the Continued use of fish it is believed that the yellow-fever mosquito can be 
reduced to such small numbers that, should a few cases of the disease be intro- 
duced into the community, it would not spread." 

Fumigants. — Knowing that mosquitoes often hibernate in great 
swarms in basements of buildings, cellars, and other favorable situations, 
it becomes necessary to destroy these in order to prevent them from 
propagating in the spring of the year. A number of very satisfactory 
fumigating agents may be mentioned, such as pyrethrum powder, sul- 
phur dioxide, fumes of crcsyl, pyrofume (a turpentine by-product) , and 
Jimson weed fumes. The use of powdered Jimson weed {Datura stra- 
monium) is recommended at the rate of 8 ounces per 1,000 cubic feet of 
space, mixing it with onc-third its weight of saltpeter to facilitate com- 
bustion. The mixture should be spread on a tin pan or stone and ignited 
at several points The fumes are not dangerous to human life. 

Mosquito bites.— Mosquito bites, while perhaps never serious in 
themselves, may lead to blood poisoning through scratching with the 
fingernails in the attempt to relieve the irritation which is often intense. 
To relieve this irritation any one of the following may be applied, viz.: 
ammonia, glycerin, alcohol or iodine. According to Howard the most 
satisfactory remedy known to him is the application of moist toilet soap 
He also mentions touching the puncture with a lump of indigo as afford- 
ing instant relief, or touching the parts with naphthaline moth balls. _ 

Mosquito control and wild life conservation. — Mosquito abate- 
ment operations if intelligently conducted need not be detrimental to 
wild life, though no doubt they have been so at times. In conductmg 
control operations in suburban and rural areas an understanding of wild 
life ecology is urged, and a modification of measures to suit the situation 
is necessary. It is regrettable if wild life has been harmed; but there 
have also been unfounded complaints on the part of misinformed an 
intolerant wild life conservationists which have made it distinctly diffi- 
cult for mosquito abatement officials to perform their proper function- 
It is important that the seenjingly divergent viewpoints of 
tionists, duck clubs and mosquito abatement officials be harmonized, o 
doubt each group will need bo make reasonable concessions. , 

Cooperation between responsible mosquito abatement officia an 
the representatives of wild life interests is only made difficult when on 
side or the other sets itself upon a pedestal. Our properly tramed 
in mosquito control are just as truly biologists as are wild i e au 
ities, the only difference is usually in the fact that the ^arfe- 

in the field of invertebrate zoology and the latter in the fie o v 
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brate zobJogy. Both should be ecolo^^sls and have training in limnology. 
Fortunately, most of our authorities in the field of mosquito control have 
had training not only in the ecology of aquatic invertebrates but for 
obvious reasons also in vertebrate ecology. Entomologists trained in 
mosquito control and ecology, and wild life conservationists equally well 
trained in ecology ought to be able to see "eye to eye” as biologists. 
Working thus together as biologists on an equal footing, the aims and 
objectives of both sides will be advanced. 

Duck clubs. — In most states the dock-shooting season does not 
begin until November first or later. By that time cold weather usually 
stops mosquito breeding. However, many duck clubs start flooding their 
duck ponds long before this, perhaps to have the ponds ready to attract 
the earlier migrants. These slowly filled shallow ponds may prove to be 
a mosquito menace. Some clubs keep their ponds well flooded through- 
out ihe year, and if the banks arc sleep and top mwnon's have access 
to all parts of the pond, there is no mosquito problem The ponds which 
arc most diScult to handle are those that arc drained oil in January or 
February after the duck season is over, and are allowed to remain dry 
during the summer, being again flooded in iatc summer or early autumn 
while the weather is still warm. Breeding is sure to occur. Aedes eggs, 
such as Aedcs dorsaiu (Meig.) from preceding years, promptly hatch, 
and a plague of mosquitoes soon appears. 

Neff {1035), of the U. S. Bureau of Biological Survey, states in the 
Proceedings of (he Sixth Annual Meeting of Mosquito Abatement 
Officials in California, p. 16, "Impounding of water, or the maintenance 
of a constant water level by means of tide gates that permit an equalized 
flow of water through the salt marshes, seems to be the method of control 
which has aroused little or no adverse comment from biologists. This 
method also offers opportunity for experimental work on planting of 
better wild life food plants than may formerly have existed on the areas 
with fluctuating water Jevcis " 

Although expensive where a lorvicidc becomes necessary, pyrethrum 
should be used instead of oil Nc/F (loc. cit.) states that pyrethrum Ian j- 
cide has "no known deleterious effect upon wild life." 

The following rules in dealing with mosquito control in connection 
with duck clubs arc suggested: 

1. Coatinuoua all-year flooding of ponds is permissible and opproed, pro- 
vidcd (he ponds are stocked mtb "mosquito fish” at oil times 

2. rntcrmittent nuintenance of ponds IS permwnLrp, pronded, (a) thenatcr 
IS effectively removed early in (he spring before breeding occory, and (b) the 
water is not put m in the autumn until the weather is cool enough to pre\Tnt 
mosquito brc«iing 

3. Ponds must have sound, tight banks and bottoms to prm-ent wet arras 
due to seepage. 
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4. Ponds must have sufHdent depth throughout to'permit mosquito fish to 
penetrate freely all parts. 

5. Ponds must not be overgrown with vegetation, especially along and near 
the margins, so that "mosquito fish” may have free access to all parts. 

6. If the water is pumped, the supply and equipment should be adequate to 
fill the ponds with reasonable speed. 

7. Duly authorized inspectors of mosquito abatement districts in which the 
ponds occur should be permitted to inspect the area frequently to determine 
whether or not mosquito breeding is occurring. 

8. If in spite of all precautions mosquito lar\'ae do occur, a larvicide, pref- 
erably a pyrethnim emulsion, should be applied, but only where breeing is 
actually in progress. 


Impounded water. — As pointed out in an earlier chapter (Chapter 
XI) , impounded waters may afford excellent breeding places for Anoph- 
eles quadrimaculatus Say within its range if flotage gathers on the sur- 
face. Reservoirs for domestic water supply formed in river canyons with 
steep-sided, rocky walls and floor are seldom a menace, and in addi- 
tion such reservoir sites are almost invariably stripped of all vegetation 
so that flotage is reduced to a minimum. Wherever rivers with compara- 
tively- fiat grades flow through a terrain of low relief, reservoirs for 
power or navigation are commonly not stripped and abound in flotage, 
thus forming a good breeding place for A. quadrimaculcius Say. To 
minimize the danger from mosquito production Paris green or larvicide 
must be applied. Power launches with power spraying or dusting equip* 
ment are w'ell adapted for large areas of impounded water. Airplane 
dusting 'Would appear to be economical for large open areas, but accord- 
ing to Watson (1936) a tortuous shoreline presenting vegetation does 
not offer a suitable condition for airplane dusting for A. quadrimaculatvs 
Say control, and is hazardous. In his experimental work Watson used 
Paris green and powdered soapstone, the Paris green component varj* 
ing from 11 to 12.5 per cent by volume. It was required that the Pan? 
green used should contain at least 50 per cent available arsenious oxi e 
and that 95 per cent should pass a 300-mesh bolting cloth. The dust wW 
mixed in a large concrete mixer, and the proportion of Paris green 
soapstone in the mixture checked by chemical analysis. A reduction o 
98 per cent in the densely vegetated swamp land was effected and 9 


cent in the open lake region. .. 

Algicides.— Under some types of shallow water conditions the growtn 
of various types of algae (green slimes or moss) becomes so 
not only are the activities of fish impaired, but applications of oi . 
ineffective or only partly effective. When this is found to 
advisable to apply an algicide such as copper sulphate, to i ° ^ 
organic growths. The dosage required to kill the types o 
which give the "mosquito man” trouble is about three pounds p 
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TABLE Jir 

Showing Deaths ikom Malahia in Havana iiiom 1871 to 1911 iNctusivji 


The enormous reduction in deaths will be seen to begin nith the inauguration 
of anti-mosquito measures in 1901. 



TABLE IV 

Showing the duninishing tnaiana death rate (per 100,000 population) for 
California for the years 1906 to 1937 (incl ) , The first anti-anophclmc measures 
in this state were put into cfTect during the summer of 1910 jo a small malanal 
section of Blacer County and largely expanded to include other foci in other 
parts of the state during the following years (The rates since the latest census 
are subject to correction ) 
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gallons of water. Dosages larger than three pounds per million gallons 
may kill trout and less resistant Bpecies of fish and should be avoided in 
ponds containing fish. 

In moderate-sized pools the copper sulphate crystals may simply be 
hand cast. In larger bodies of water the copper sulphate is best applied 
by placing it in sacks and dragging it, especially along the shallow areas, 
until dissolved. Usually several applications during a season will be 
required. 

Malaria reduction as the result of anti-mosquito measures is well 
shown by Tables III (after Cassa and TV On page 259. 

Results obtained in combating yellow-fever mosquitoes.— The 
table taken from Doane shows the death rate in Havana due to yellow 
fever from the years 1893 to 1902 inclusive ; the work of the Yellow Fever 
Commission based on mosquito control having been put into effect in 
1901 and 1902. Surely this table (Table V) is eloquent in its praise of this 
splendid work, 

TABLE V 

Deaths in Hava-va fiiom Yellow Feitr during Years JS93 to 1902 

iNCLUsm: 



■ ■ • ■ University of California Ague 

Exp. Sta. Bull. no. 178, 50 pp. Co-. 

4. Herms, W. B,, 1913. Malaria-cause and control, MacmiUa 

3d + 165 pp. . . Af control of 

5 . Le Prince, J, A., IS ■■ ■ ' ^ , ' . j259, 

disease-bearing mosquitoe ... * ' , , ' ‘ ' 

6. Herms, W. B., and »’■ 
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7. Freeborn, S. B., and Atsatt, R. F, 1918. The effects of petroleum oils on 
mosquito lame. Joum. Econ. Ent , vol. », no. 3, pp. 299-307. 

8 Peterson, J. P., and Ginsburg, Q. M , 1929. Two years’ study and prac- 
tical use of crankcase waste oil as a mosquito Isrvicide. Free. 16th Annual 
Meeting of New Jersey Mosquito Extermination Commissions. 

9. Ginsbuig, J. M , 1931. Proceedings I8th Annual Meeting, New Jersey 
Mosquito Extermination Association. 

10. Barber, M. A , and Hayne, J. B., 1921. Arsenic as a larvidde for anopbe- 
line larvae. U. S. Public Health Reports, vol. 36, no. 49, pp 3027-3034. 

U King, W. V., and Bradley, G. H., 1926. ^rplane dusting in the control 
of malaria mosquitoes U. S Dept, of Agric. Circ. 367. 15 pp. 

12. Le Prince, J. A., 1915. Control of Malaria; oilmg as an antimosquilo 
measure. U. S. labile Health Service, Repnnt No. 260 (U. 8, Public Health 
Reports, Feb. 26, 1916). 

13. Rao, B. A., and Sweet, W. C., 1937. Paris green and paddy. Records of 
the malana survey of India, vol. vii, nos. 2 and 3, pp. 185-1S9. 

14. Ginsburg, J. M., 1930. Prehminaty studies nn causes and remedies for 
mosquito breeding in sewage disposal plants Sewage Disposal Joum , vol. 2, 
no. 3, pp. 412-418. 
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Students concerned with the Tabanidae are referred to such mono- 
graphic works as Osten Sacken/ Hine * Enderlein = Krober * and othere. 

Breeding habits and life history. — The eggs are deposited during the 
warmer months of the year in favorable situations on objects such as 
leaves of willow and aquatic vegetation, usually overhanging swampy 
areas, ponds, etc. (Fig, 95). The incubation period is greatly influenced 
by weather conditions, but during midsummer the usual range is from five 
to seven days. The larvae fall to the surface of the water, upon mud or 
moist earth, in clumps and quickly drop to the bot- 
tom or burrow into the wet or damp earth where 
they begin feeding on organic matter. Some species 
are predators, sucking the juices of insect larvae, 
Crustacea, snails, earthworms and other soft-bodied 
animals; cannibalism has been observed in several 
species. The larvae of Tabanidae are commonly 
encountered buried in the mud along the edges of 
marshy ponds, roadside ditches, the overflow from 
rice fields, and the writer has found numerous larvae 
of Tahanus gUanus Townsend in the mud at the 
edge of salt marehes. The larvae of certain species 
may be found in moist leaf mould and debris. 

The larvae grow rapidly during the rest of the 
summer and autumn, and very slowly if at all dur- 
ing the winter in the single-brooded species, attMn* 
ing full growth in the early spring. The number of 
larval instars seems to be uncertain, varying accord- 
ing to some authors from four to nine, the first molt 
evidently taking place shortly after hatching. An 
excellent account of the early stages of Tabanidae 



Fio 95 —A deer fly be found in the work of Marchand.® 

of ovfpMition. Note "When the full-grown larva prepares to pupate, it 
aUo an egg mass far- moves into drier earth usually an inch or two below 
(Photo x{. the surface, and in a day or two the pupal stage 's 

reached. Hiis stage requires from two to three weelcs, 
varying with the species. Stone* reports that most of the Chryso?'* 
species emerge in less than two weeks, even in as short a time as five da)*^ 
The flies emerge from the pupa at the surface and the wings soon un o 
and the insects take refuge among nearby foliage or rest on objec ce 
at hand and shortly begin feeding, the females seeking blood 
males feeding on flowers and vegetable juices where one may fin 


by sweeping with a net. . . , 

Much important information based on rearing experience wi 

species may be obtained by consulting the various pubhea lo 
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Schwardt.^, In an earlier paper (Research paper 219, Journal Series, 
Unlv. of Arkansas) Schwardt reports lifc-hislory records based on 202 
individuals of Tabanus lineala Fahr., a common North American spe- 
cies of “greenhead,” viz , average incubation period four days, average 
larval period 48.8 days, average pupal period 8.1 days, pre-oviposition 
period average nine days, total developmental period averaging 96.9 
days. 

In the Sierra Nevada and other mouniatn ranges horseflies breed in 
great numbers at elevations of 8,000 to 9,000 feet in soggy ground caused 
by springs and water from melting snow m the summer. Deer and other 
wild animals suffer much from the bites of these flies. 

Bites. — ^The horseflies have broad bladelikc mouth parts (Fig. 25) 
by means of which a deep wound may be cut, causing a considerable flow 
of blood. The bite is painful and owing to the intermittent biting habits of 
the flies there is great danger from infection. "Webb and Wells,® working 
on T. phaenops O.S. in western Nevada, estimated that eight flics feeding 
to satiety would consume a cubic centimeter of blood On this basis they 
calculated that 20 to 30 flics feeding for six hours would take an average 
of at least 100 cc. of blood. This would amount to approximately a quart 
in ten days. Philip,® working in Minnesota, derived a larger estimate of 
blood loss. Basing his figures on a somewhat heavier infestation than 
that in Nevada, Philip placed the daily loss of blood for each animal at 
300 cc , or nearly onc-third of a quart. Neither of the estimates includes 
the blood which exudes from the bite after the fly leaves. Philip, however, 
calls attention to this additional loss. The horseflies most abundant in 
Arkansas are comparable in size to the species on which these estimates 
of blood loss were made, and the infestation is often heavier thon 60 flies 
per animal." (Schwardt, 1936, loc. cit.) 

In dcacribing an outbreak of gadflies in Kentucky, Garman has the 
following to say: 

"Beef catUc had lost an average of 100 pounds ns a result of the constant 
annoyance from them. ... On cattle I counted from ten to nineteen. On mules 
and horses in harness they were a constant annoyance and even hogs n ere not 
exempt. Seven of the fljcs were counted on the c-xposed side of one of these 



Relation to anthrax. — Antlirax, also known as raalign.nnt pustule or 
carbuncle, wool sorter's disease, chnrbon (French), is caused by Banlfu.i 
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trypanosomes in the flics a further experiment was conducted, in irWcb 
seventy-four flies, hatched from eggs of & Sy which had previous to egg 
deposition fed on a surra-infected monkey, were allowed to bite a healthy 
monkey during a period of two weeks with negative results. 

Mayne concludes that the ‘'contaminated labellum of the fly does not 
appear to be a factor in the conveyance of infection. The maximum 
length of time that Trypanosoma evattsi (Steel) has been demonstrated 
microscopically in the gut of this species of fly after feeding on infected 
blood is thirty hours; the organisms were found in the fly's dejecta two 
and one-half hours after biting the infected animal; and suspensions o! 
flies, when injected subcutaneously, were found infective for animals for 
a period of ten hours after the flics had fed on infected blood.” 

In a letter to the writer under date of November 18, 1913, Mayne 
states that “infection is not transferred by Tabanm sfriatus Fabr. later 
than twenty minutes after the infective meal. The longest time I have 
succeeded in inducing flics to transmit was fifteen minutes and all results 
from twenty minutes to forty-eight hours were entirely negative. This 
despite the fact that trypanosomes survive in the intestiaal tract of T, 
striatus Fabr, for a period of thirty hours.” He believes this horsefly to te 
the principal carrier of surra and that the stable fly, Stomoxys calcitram 
(Linn.) , is ruled out, which is indeed indicated by the long and careful 
series of experiments conducted by that worker on both species of flies 

Tularaemia. — In 1919 a disease of hitherto unknown etiology 
reported by Francis as deer fiy fever or Pahvant Valley plague.^ It » 
later described by the same author and given the name tularaemia. It 
is a specific infectious disease traceable to PasievreUa (suBaclerium) tV’ 
larensis (McCoy and Chapin) Francis. It was originally described as a 
disease of rural populations occurring during the summer months, coin- 
ciding with the prevalence of the vector, Chrysops discalis Will. Fraacu 
states, “Following the fly bite on some exposed surface of the body (uec "> 
face, hands or legs) the onset is sudden, with pains and fever; the 
is prostrated and is confined to bed; the lymph glands which drain W 
bitten area become tender, inflamed and swollen, and commonly eiip 
purate, requiring incision. The fever is of a septic type, lasting fro® 
three to six weeks, and convalescence is slow.” The pathology of n * 
raemia is described in great detail by Lillie and Francis in Bulletin 
(1936) National Institute of Health. Francis and his co-workere iom 
that jack rabbits constitute an important reservoir for the infection ^ 
that the infection is transmitted from rabbit to rabbit by the horsefly- i ^ 
fiy is undoubtedly merely a mechanical vector of the disease as m ca 
by the experiments of Francis and Mayne, et al. (loc. cit.). I ^ 
been found that tularaemia is carried from rabbit to rabbit by 
the rabbit louse, Haemodipsits wenfricom (Denny). Cimex lec 
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Linn., tlic common bedbug, was also found to be a successful carrier in 
experiments with guinea pigs, as was Uic mouse louse, Pohjplax scrratiis 
(Bunn.) , in the case of white mice. Mosquitoes and fleas have also been 
shown to be suitable vectors. The spotted fever tick, Dermacentor ander- 
soni Stile^ is also a vector, perhaps the most important, because the infec- 
tion is conveyed through the eggs to the larvae, Tularaemia is now 
known to e.xist in nature in many other animals, among these meadow 
mice, ground squirrels, coyotes, sheep, and quail. 

Filariasis. — ^Thc so-called mango fly, Chry&ops dimidiofo v. d. Wulp, 
has been shown by Leiper (loc. cit ) to be a vector of Loa loa (Cobbold) 
m various endemic regions in Africa, particularly the Belgian Congo. 
ChTysops ^ilacea Austen has been proved to be a carrier of the organism 
by Connall and Connall who completely elucidated the life cycle not 
only in this fly, but also in C. dimufmta v. d. Wulp. Microfilariae of Loo 
loa arc found in the peripheral blood vessels during the daytime, showing 
a diurnal periodicity which gave nse to the term Microfilaria dtuma 
Manson. Tlic larvae measure about 300n in length by 7.5 in thickness, 
resembling lYuekcrenn bancrofti (Cobbold) quite closely. In this stage 
they arc ingested by the Chrysopt flics and undergo development similar 
to that of iruefiercno bancrofti in the mo<quito Metamorphosis is com- 
pleted in from ten to twelve days, increasing in length "tenfold." UTien 
the infected fly bites, the mature lan'ae issue from the proboscis, come to 
he upon the skin of the host and quickly disappear by burrowing. 

The adult ttorms, females measuring from 50 (o 70 mm. in length and 
the males about half this length, inhabit the superficial subcutaneous 
connective tissue ond arc known to move about from place to place quite 
rapidly, givingrise to Iransicnt itching swelling knomj as Calabar swell- 
ings. The parasites have been observed in many parts of the body, such 
as the scrotum, penis, breast, eyelid, tongue, finger and back. 

El debab. — El debab is a trypanosomiasis of Algerian horses and 
camels traceable to Trypanosoma berberum Edmond and Et. Sergent. 
This disease is evidently spread by horecfiies, Tabanus ncmoralw Meig. 
and 7*. fomentosw Macq., being considered the %-cc(or9. 

Control. — Inasmuch as the painful bite of the Tabanidne, especially 
if those insects arc abundant, makes the life of domesticated animals, 
notably horses, quite unbearable, it is desirable that some repellent sub- 
stance or mechanical means be employed to prevent injurj'. Efficient 
repellents usually contain fish oil, which is dioagreeablc and in the pres- 
ence of dust produces a filthy coat; other materials in U'c are "dips” and 
the.*c do not as n rule act for more than a few hours at most. Furthermore, 
where whole licrds of animals arc to be treated, this method is imprac- 
lic.obIe. IIor«c nets .afford con«ideraWe relief, and often avert dangerous 
"runaways " 
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Comparatively little of a preventive nature has beeen done, except for 
the notable woik of Porchinski, reported by Howard.*** Porchinsld ob- 
served that tabanids collect in great numbers in the neighborhood of 
damp places and lower themselves to the surface of pools t6 drink, actu- 
ally touchbg the water with their bodies. It occurred to him that a 
covering of kerosene on the water would endanger the lives of the iasects 
as they came in contact with Ihc surface. Hence a quantity of kerosene 
was applied to a given pool, with most gratifying results. By the third 
day of the experiment, the "pool of death'* was covered with “doating 
islands” of dead tabanids. Porchinski recommends that a favorite pool 
be selected, and that the oil be poured on so that a thick uniform layer 
of oil is formed covering the entire pool. Such "pools of death” appar- 



Fio 90 -~-The black boteefiy (rotoniij o<rot«3>, male at left, female at right. X 1,5- 
(Photo by Hmc ) 

ently attract the tabanids from over a considerable adjacent area. The 
oil must of course be applied as early as possible during the season whcfl 
the adult flies appear and begin to mate and deposit eggs. ^ 

The author has called attention to the breeding of tabanid Sies m 
rice fields, particularly in roadside pools, the result of rice field drainage. 
Correction of drainage defects is an important procedure, 
fornia rice fields the author found characteristic egg roasses or 
p«ncft/er O.S. attached to the stenw and blades of rice plants. ^ 
eggs were commonly heavily parasitized by the hymenoptero-is 
site, Phanurus emersoni GirauU. This parasite has been shown ^ , 
man to be a potent factor in the control of tabanids near ' 
Tpxc«. ■where artificial dissemination of the parasite was 

the 
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genus Tabanus alone. They are world-wide in distribution. Only a few 
of our common species are mentioned here. 

(1) Tabanus alratus Fabricius, the black horsefly (Fig. 96), meas- 
ures from 16-28 mm. in length. It is distributed over most of the United 
States east of the Rocky Mountains and into Mexico. The whole insect 
is uniformly black and the thorax ai\d abdomen in well-preserved speci- 
mens are thinly covered with a whitish dust which is easily rubbed off 
when the specimens are not cared for properly. 

(2) Tabanus stygius Say is the black and white horsefly and is a 
* widely distributed species east of the Rocky Mountains. Length 26-22 

mm. Third segment o! the antennae red at base, blackish at apex, first 



Ftc t)7 ‘~Tal<iiiii* pynrttfrr f.n fosM on WiDow larva, pupa and adult 

female fl/ 

and second segments and palpi dark; legs black, often the tibia are red- 
dish at the base, « ing«< yellowish brown w-jth posterior border approach- 
ing hyaline, a brown spot on fbe bifurcation of the third vein, also the 
transverse vein closing the diseal cell m.argined with bromi; abdomen 
a uniform black; in the female the thorax dorsally is plainly whitish 
pollinose with more intense longitudinal lines, the thorax of (he male is 
dorsally a uniform grayish brown. 

(3) Tobnnuj punclifcr 05 is also a black and white horsefly (Fig. 
97) resembling T stj/gius Say except that the front tibiae ore while on 
'the basal third and the thorax is uniformly while in botli sexes, there is 
u.'ually a small dark spot near the lip of the wing. It is the largest and 
best known species of horsefly in western North America, particularly 
along the PaciGc coast. 
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(4)^ Tabanits vicarius Walker {Tabanus costalis Wied,), the green- 
head, is one of the most dreaded stock pests common throughout the 
South. 


^'Length 12-14 mm. Palpi yellowish, antennae brownish with the armulata , 
portion darker; thorax including the Bcutcllum uniformly grayish-yellow 
pollinose; legs largely black, base of front tibiae and the middle and Mnd tibiae 
except at apex yellowish; wings hyaline with the costal cells yellowish, veins 
yellowish; abdomen above alternately striped with black and grayish yellow. 
In the female the frontal callosity black above, with a very much narrow^ pro- 
longation, the part of which adjacertt to the callosity is sometimes obliterated,- 
leaving the upper part as a separate spot. The male is much like the female and 
easily associated with it, but there b a tendency toward obliteration of the dis- 
tinct markings of the abdomen, the black of the female is replaced by brownish 
and the stripes may blend so that the whole base of the abdomen is practically 
one color." (Hinc.*®) , 

(5) Tabanus lineola Fabr., the lined horsefly, is also an important 
stock pest widely distributed in eastern, central and southern North 
America. 


"Length 12-15 mm. Palpi white; antennae reddish, annulate pordon of 
third segment darker; thorax brown and gray striped, the latter color not 
prominent; wngs hyaline; legs reddish, apex of the front tibia plainly, 
of middle and hind tibiae faintly, and all of the tarsi dark brown; abdonwn 
above brown or black with three prominent, gray stripes. The males and femsiffl 
of this species are easily associated. In the latter sex there is sometimes a con- 
fusion of colors; the dark is replaced by reddish but the gray mid-dorsal stnpe 
is always prominent in all well-preserved specimens " (Hmc.) 


(6) Tabonws sulcifrons Macq. is known os the autumn horsefly. 


“Length 1&-21 mm. Palpi brownbh, antennae nearly black ivith the th 
segment brownish at base; legs dark, bases of tibiae darker; wings with a 
tinct brownish tinge, cross vems at the end of the discal cell and bifurcatwa 
the third vein margined with brown. Female front with parallel -Jl . 

callosity shining brown, not quite as wide at the front, nearly square and ^ 
linear prolongation above. S^ments of the abdomen above 
gray, hind margins which expand into large gray triangles in the middle, « 
a black mark on the anterior part of each of the second and third s^gmen s 
apex of the gray triangle. In the males the division between the 1 <rge an 
facets of the eye prominent; head slightly more convex than i.’ 
nearly of the same size, coloration of the whole body the same '•'9 in the 
(Hine.) 


(7) Tabanus striatus Fabr. is said to be the most prevalent 
of the Philippine Islands, and is known to be an important carrier 
surra. The following description is after Mayne (loc. cit.). 


"The male is very distinct from the female, being ^^Uer and ® 
head and different color markings. Size: 14 to 15 millimeters, i S 
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25 to 28 miJIimeters. The distinctly clavatep^pi arc shorter than in the female, 


yellow. The area of the large facets of the eye is colored Roman sepia sur* 

• • • , . P »• , .1 , . r » 1 f , f Jg Jjgg Q 

■ ■ .' ■ • • ■ ■ ■ color is 

. ■ ■ ' ' ■ . 7 miUi- 

\ ■ ' ' derably 


IS alternately striped with Cologne earth and pale clay yellow. The median 
stripe IS pale clay yellow. In both sexes the thorax is indistinctly striped with 
pale clay yellow and pale brown, and the wings are transparent except the costal 
and subcostal cells, which are pale brown.” 

(8) Chrysops callida O.S. is a widely distributed species, measuring 
from 7 to 9 zara., and is black in color with large pale yellow spots on the 
sides near the base of the abdomen. 

(0) Chrysops ccler OS. is black ia color, the female with dense 
orange pile on the pleurae. It measures from S to 1 1 mm. in length. It 
appears to have a more northerly distribution. 

(10} Chrysops tfwcafw TVilHston is gray (o yefiow-gray in (he Icraafc 
with black spots on the abdomen, in the wing picture Iho hyaline discal 
cell and spot at the bifurcation of vein are quite characteristic. In 
the male the color is predominately black with yellow-gray spots on the 
abdomen. Length 8 to 10.5 ram. It is reported from Utah, Nevada, Cali- 
fornia, Oregon, Washington, Nebraska, North Dakota, Wyoming, Mon- 
tana, Colorado, also Manitoba, Saskatchewan. 

(II) Chrysops dijmdtata v. d. Wulp is a southwest African species 
measuring 8ii mm. in length. The face is dusty brownish yellow, the 
thorax Is piccous and the abdomen is reddish ochraccous with a fulvous 
pjlosily. 


Key to the Tabanid Genera of A'corcfic Anicnea 

(Arranged by T. H G. Ailkcn after Brennan and Stone •' 

Refer also to Surcouf.-’) 

1. Hmd tibiae with apical spurs; ocelli usually present 

Subfam. rangoniirwc 12) 

Hind tibiae without apical spurs, occlh uimally tbrent, if present rudw 


menfarj' Subfam Tabanmae (D) 

2 Flagellum of antenna competed of eight annuli (3) 

Hagellum with fue distinct annuli (7) 


3. Second anal >ciii rinuous ....Begweriomyia Brenmn JO.'IA 

Second anal vdn not einuous 


( 4 ) 
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4. Eyes of female acutely angulate above; vnngs darkened anteriorly. 

Goniops Aldrich 1892 


Eyes of female rounded (normal) ; wings of uniform color (51 

5. Palpi short, stubby, about equal in length to proboscis which is con- 


PaJpi slender, distinctly shorter than proboscis which is often as long 
as or longer than head (6) 


6. Cell R5 petiolate Esenbeckia Rondani 1864 

Cell R(5 open Stonemyia Brennan 1935 

7. (2) Pedicel of antenna about half as long as scape. .SUvius Meigen 1820 
P6ircel of antenna more than half as long as scape, often nearly as long, (fi) 

8. Wings evenly infuscated; abdomen globose, much wider than thorax; 
antennae very slender and elongate; stump at bifurcation of vein R^+s. 

Neochrysops Walton 1918 
Wings irregularly infuscated, exhibiting a variety of patterns (entirely 
hyaline in C. hyalina Shannon) ; abdomen normil; antennae variable; 
bifurcation of vein R4*5 without stump (rarely appearing adven- 
titiously) C/tryaopa Meigen 1803 

9. (1) Scape of antenna conriderably longer than thick; frons of female 
widened below, broader than high, with a velvety-black spot to ewh 
side at angle made by eye and subcallus*; flagellum of antenna tritb 
four annuli; wing gray, with small white roacuLtions. 

ffoematopoia Meigen 1803 
Scape of antenna usually scarcely longer than thick; frons of female 
not broader than high, without vdvety-black spots; flagellum of 
antenna usually with five annuli; wing pattern, if any, otherwise. . • • • (IW 

10. Eye bare; subcallus very swollen and shiny; genae denuded; dorsal 

angle of flagellum small and blunt; wing at least partially infuscate^ (1*1 
Without above combination of characters; if the subcallus is enlarged 
and denuded, the eye is densely pilose ^ 

11. Scape of antenna swollen, at least below; apical half of vein K* turned 


(13) 


forward; apex of wing not hyalme; tibiae not swollen. 

Whitneyomyia Bequaert 1933 

12. (10) Flagellum of antenna with no dorsal angle; frons of female very 
narrow, the median callus a very slender line; no ocellar tubercle; 
wing with at least a subapical brown spot ; eye bare. 

Diachlona Osten Sacken 187o 
Not with this combination of characters ' V ' “ * 

13. Basal portion of antennal flagellum with a prominent, forward-pro- 
iectmg tooth reaching nearly to base of annulate portion; P 

i)iclado«ro Luts iwW 

Basal portion of antennal fi^eUum with or without a prominent do 
angle, but if this is produced forward the eye is bare. • • - ^ 

14. Basal callus in fem^e lacking or very much reduced, separated 

eye by a considerable space; nmther palpus black nor abdomen wi 
narrow dorsal stripe 

• on-x lovrt of the lower, mner ^le o£ ms « 

. , ■ ' 13 proper (just ^ 

, ' ■ -Sn. the 

. ■ _ . . .joined to the 
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Basal callus in female as wide, or nearly « wide, as froas, or, if nar- 
rowed, still considerably wider than roe^an callus; either palpus black 
or abdomen mth a narrow dorsal stripe (17) 

15. Eye distinctly pilose; no distinct ocellar tubercle (eye of female usually 
with a single, diagonal, purple line which often shows even in dried 

specimens) Aiylotm Osten Sacken 1876 

Eye bare or very sparsely pilose; ocellar tubercle present or absent 
(frons of female about five times as high as width at base) (16) 

16. Basal caUus a swelling at base of a slender raised ridge; a distinct 
ocellar tubercle present in female; abdomen brownish, with white 

bands, the apex compressed .Leucotaban'us Luta 1913 

No basal or median call! or ocellar tubercle present; bright green or 
ycUow species, the abdomen not distinctly compressed apically. 

Chlorolahonus Lutz 1909 

17. (14) Annulate portion of antennal flagellum hairy; no ocellar tubercle; 
second palpal segment short and stout, wth erect hair; proboscis short. 

Anocimos Enderlejn 1923 
Not agreeing entirely with above, the hair of antennal flagellum very 

incottspicuoua if present {18} 

18 Rather small, species with hare or sparsely pilose eye, scarcely any 
angle, and no dorsal excision on flagellum of antenna, and fret^uently a 

stump vein from vein R* Stenotahanut Lutz 1913 

Eye bare or pilose, but if a stump vem from vein is present cither 
the dorsal angle of the antennal flagellum is distinct or the eye is 
densely pilose, or both .. Johns wLinnil75S 

B. SxirB Flics 
F omily Uhagiomiae (LepJidoe) 

Snipe flics belong to the dipterous family Rhagionidae formerly 
knowm as Lcptidac. Several members of the family arc bloodsucking 
Leonard*’ characterizes the family as follows: 

''Hies of moderate to Large size usually more or less elongate and nearly bare 
to moderately pilose, rarely rather densely hairy, never, however, with distinct 
bristles Males usually holoptic; more rarely dichoptic. Empodium pulrilh- 
form, there being three pads of shout equal size between the tarsal claws 
— » ..j... 1 . ’’-referred 

■ ' ■ ■ ' . . , • able; (a) 

... . • . ... . Tijgr; (b) 

the segments not more than eight in number; more closely applied, without 
style or arista; (e) fewer in cumber with a differentiated seginented style or 
arista, altogether not more than eight; fd' r — i. —-.i. — 

mthout a dorsal or terminal ansta Veba » , 

anteriorly; third longitudinal cell furcate; ■ . • 

usually present." 

The genu^ Sump^oromyia ** “includes leptid flics with five posterior 
cells, the nnnl cell open; third antennal joint simple, rather deep verti- 
cally, attached above Its middle usually Wdney-shaped (sometimes con- 
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cave in profile below the arista, then not quite kidney-shaped) ; arista 
subapical; tibia! spurs none in front, two in the middle, one behind, but 
often quite weak in males.” The females of several species are vicious 
biters, behaving somewhat as do the tabanid flies belonging to the genus 
Chrysops. They alight on the exposed parts of the body quite silently and 
singly and inflict a sudden painful bite 
usually before their presence is knoTni. 
Among the severe biters are Symphoro- 
myia atripes Bigot, a western species 
measuring 5.3 to 8 mm. in length, black, 
with reddish legs ; S. pachyceras Williston, 
particularly a Pacific coast species, meas- 
uring 6 to 9 mra. in length, wholly black 
except narrowly on the knees, the inner 
proboscis and stems of the halteres ■which 
arc yellow; S. kincaidi Aldrich, pile of the 
thorax and head black, of abdomen largely 
yellow, front and middle knees narrowly 
red, a Pacific coast species. S. hirta Johns, 
is shown in Figure 98. 

The mouth parts of Symphoromyia eyi* 
dcnlly vary consicferably. The Wtiyf 
forms have a prominent stout retractile 
labial sheath wliich closely ensheaths the functional chitinised pierciD^ 
structures. 

Practically nothing is known about the breeding habits and hft 
history of the species of Symphoromyia. The rhagionids as a group ar® 
known to breed in moist soil, where there is decaying vegetation; 
larvae are predaceous. 



Fio 08— A snipe 8f, Svmpft®- 
romyio hirta. (Adapted after 
Hearle ) 
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HOUSEFLIES 

House-rnvading Flics.— Many species of flics belonging to variotu 
families of Diptera are commonly found indoors; how'ever, relatively /ev 
of these species arc of public health importance. Flics which habHusIly 
enter the house, coming in contact with food or drink and breeding in «• 
crcmcDtous material or feeding upon such matter, are a menace. Hia of 
(his character usually belong to but a few families, principally the Sfusd- 
<lnc, Antliomyidnc, Sarcophagidac (flesh flies) , and Calliphoridae (blo^r* 
flics). Curran (1934 loc. cit.) has combined the Anthom^’idac with 





Fjo 99 — Die cofDinon bouiw^fly, Jfutta donetdea X 4. 

Muscidae and places the flesh flics and blowflies in the family Metopiida' 
which he designates as the flesh flics. The blowflies include the 
bottles and the green-bottles which, as do other flesh flies, deposi 
eggs or maggots on dead animaJs or garbage, also u;wn cold 
other food of man which when ingested may cause intestina 

Family Muscidae. — Hie family Muscidae, to which the 
and several other house-invading species belong, is charactenre .jj, 

ran (1934 loc. cit.) as including "flies of medium to smai size, 
dull colored, the squamae large or of medium size, hypop cur® 
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absent, the second antennal segment grooved above. Arista plumose, 
pubescent, bare or pectinate, eyes approrimate or widely separated in the 
males, the front rarely narrowed in both sexes; frontal bristles always 
present, intrafrontals frequently present; orbitals developed but rarely 
in the males. Abdomen composed of four segments in the male, five in the 
female. Male genitalia usually not prominent but sometimes conspic* 
uous; fifth sternal lobes sometimes prominent." 

The True Housefly. — Hewitt’s* description (translation from 
Schiner) of Musca domcstica Linn. (Fig. 99), the common housefly, is 
undoubtedly the best for our purpose: 

"Frons of male occupying a fourth part of the breadth of the head. Frontal 
stripe of female narrow in front, so broad behind that it entirely fills up the 
width of the frons. 'Hie dorsal region of the thorax dusty gray in color with 
' -v—' y-*-** — -^ray with black sides. The 

■ ■ . (he darkest parts at least 

.... . . , • . ... I I • • 

is.,' ' • • • ' 

in. \ • . . ■ • • . .... 

Median stripe velvety black. Antennae brown. Palpi black. blackish 
brown. Wings tbged with pale gray with yellowuh base. The female has a 
broad vdvety black, often reddishly ehiounenng, frontal stripe, which is not 
broader at the anterior end than the bases of the antennae, but becomes so very 
much broader above that the light dustiness of the sides is entirely obliterated, 
the abdomen gradually becoming darker. The shimmering areas of the separate 
eqjmcnts generally brownish. All the other parts arc the same as in the male. 
Mature insect 6-7 mm in length, 13-15 mm across the wings.” 

Why called the housefly. — Out of a total of 23,057 flics collected by 
Howard* io dining rooms in different parts of the United Slates 22,805, 
or 98 per cent of the whole number, were Afusca domcstica Linn. Again 
out of a total of 294 flics collected by the writer, representing the entire 
fly population of one house, 202, or 94.4 per cent, were Afusca domcstica 
Linn. Thus the term common housefly is not misapplied. It is further- 
more a cosmopolilon species. 

Distribution of sexes. — In order to detenninc the distribution of the 
sexes of Jl/wsca domcstica Lino, observations were made under two 
different conditions, >ir., first, six sweepings with an insect net were made 
over o horse-manure pile on which many flics had gathered (the results 
arc shown in Table VT; second, all but half n dozen flics were collected in 
one hoa«e, giving a fairly representative lot for indoors, even under 
screened conditions (Table VII). 
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TABLE VI 

Showing Results with Regard to Sex and Species in Six Sweepings ntoii 
A Horsb-Manurb Pile on May 19, 1909 



Fmat 

Sbcono 

Thus 

Fociwh 

Firra 

Sixth 

Totai 

Housefly (Miwca do- 


9 

$ 

9 

A 

9 
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9 

S 

9 


9 



meshca) 

7 
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4 

til 

3 

64 

9 

77 

4 

210 

5 

112 


697 

Muscina sp 

2 

6 

0 

7 

0 

5 

2 

S 

3 

10 

1 

4 


3V 

Blowfly {CalliphoTa 
sp ) 

2 

2 

0 

1 


0 

0 

0 

0 

0 


0 


3 

Luctha sp 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

0 

0 

0 

IS 

Other species 
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0 

4 

2 

1 

4 

2 

4 

2 

2 

» 

13 

Totals 

12 

166 

JL 

94 

6 

71 

15 

85 

11 

222 

9 

116 

57 

751 


TABLE VII 

Showing Number of Individuals Collected in a Screened Dweiung 
June 1, 1909. Representing the Entire Fly Population of the Same 

t « 

Housefly (Musea domestica) 86 115 

Musana ep. " I 

Homalcmyia f 3 

Calliphora l f 

Totals 

These two tables give us some intormation as to the relative ah®! 
ance of the housefly, and the distribution of the sexes. Table a'® 
clearly that of those flies which frequent both the manure pile ana ^ 
home, the true housefly {Afusca domestica Linn.) composes 0 per c 
and that of the total coilccled, over 95 per cent (95.4 per j 
females. Thus, it is clear that it is the “instinct" to oviposit (to lay 86 ^ 
that has mainly attracted these insects to the manure. In fac , 
parta of the manure pile are often Jiterally white 
countless numbers. Observations made in the near lucini 50 , 

piles proved that certainly the some percentage (over 95 per ceni; 
flies clinging to the walls of the stable, boxes md so ™ 

That the number of males and females m the housefly ^ 

about equal is evidenced by the fact that of a total of 2 W 
indiscriminately and allowed to emerge in the labora oiy, 
and 135 were females. iThtip 190^^ 

Of the total number of houseflies (202) lL“ articuW 

representing ail but perhaps six of the total number i 

house, 67per cent werBfefflales,aliowingnearly equal distribution! 
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sexes. This would, it seems, indicate that males and females are equally 
attracted to the house by odors issuing therefrom. 

XAie history of the hoi«e/!y.— The housefly passes tlirough a complex 
metamorphosis (Fig. 16) i.e., egg, larva (maggot), pupa and adult or 
fully winged insect. Under warm summer temperatures the egg stage 
requires about 20 hours, the larval stage about five days, the pupa about 
four days, a total of about 10 days from egg to adult insect. This 
allows for the development of from ten to twelve generations in one 
summer. 

From 75 to 150 eggs are deposited singly, piling up in masses, and 
there are usually several such layings at inter^'als of three or four days. 
Female flies begin depositing eggs from 9 to 12 days after emerging from 
the pupa case. Dunn,* Entomologist, Board of Health Laboratory, 
Ancon, Canal Zone, reporting on his observations, states that as many as 
159 eggs may be deposited in one batch, that large batches arc sometimes 
deposited at intcn*oIs of but 36 hours, and that one female may deposit 
as many as 21 batches, or a total of 2,387 eggs, in 31 dsys after emergenee. 
He also states that opposition may take place as early os 2Vi days after 
emergence, and that copulation may occur within 21 hours after emer- 
gence and one successful copulation seems to be sufficient to fcriilue the 
female for her lifetime. Under our laboratory conditions houseflies reach 
sexual maturity in three or four da)'5 and ^gin depositing eggs on the 
ninth day after emergence from the puparium. Sunshine stimulates their 
breeding habits Egg laying may continue throughout the lifetime of a 
fly, i e., for more than two months. 

Influence of temyeratxtrc on life history . — While conducting an exten- 
sive scries of experiments in which many hundreds of houseflies were used 
in all stages, a record was made of the temperature at which the con- 
tainers were kept. Ordinaril)' not more th.in one to three quarts of 
manure were used for the growing maggots, hence the temperature of 
the environment did not differ widely from that of the manure. The 
temperature of an average manure pile to which material U added daily 
varies from IS® C. to 66® C. Young growing larvae are most numerous 
at temperatures varying from 45“ to 55®. Below 45* half-grown and 
full-grown larvae occur and above 55* the temperature seems to become 
too great. 

From the following table (Table VIH) it will be scon that tempera- 
ture influences the time required for the development from egg to imago 
very materially, but nevertheless with an average outdewr temperature 
of IS* C. flic^ ordinarily require only from 12 to M days to pass through 
the same stages; this is, of coarse, due to the higher temperature of the 
m.snure pile, ns already indicated above. The shortest lime required for 
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complete metamorphosis of Musca domesUca Linn, is seen to be9i^ days, 
and that at 30° C. 


TABLE VIII 

Showing Influence op Tempeiuturb on the Length op Life History 
OP Musca Domestica 

The insects were kept at the temperature indicated from egg to emergence of the 
imago. The average temperature is here given, the variation from the average 
was probably not more than ± 1°. Temperature of the air and not of lie 
manure is here considered. 
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develtip from 
egg to imago 

44 6 daya 

26 7 daya 

20 ( daya 

16 1 days 

10 t 


Excrement pre/errcd.— Excrementous material, especially of horses 
(Fig. 100), is the favorite material upon which the eggs of Musca 
tica Linn, are deposited and on which the larvae feed. Other euitao « 
materials are garbage, kitchen refuse, brewer's grain and other deco® 
posing vegetable and animal matter. Under rural conditions it seeiB* 
quite safe to say that 95 per cent of the houseflies are bred in horse 
nure. The housefly does not breed so abundantly in cow manure, althou^ 
plentifully enough to take such material into consideration, especia^ 
when it occurs in piles mixed with bedding. The eggs of the , 
hatch in from 12 to 21 hours; the newly hatched larvae begin feeding 
once and grow rapidly. ^ _ g 

To gain an estimate of the number of larvae developing in an 
horse-manure pile, samples were taken after four days’ exposure to ' ■ 
with the following results: first sample (4 lbs.) contained 6,873 » 

secondsample (41bs.)/l>142;thirdBample ( 4 lbs.), 1,585; fou 
(3 lbs.), 682; total 10;282 larvae in 15 pounds. All of the 
quite or nearly full grown. This pves an average of 685 
The weight of the entire pile was estimated at not less than 1, P® ^ 
of which certainly two-thirds was infested. A little anthme ic p 
the astonishing estimate of 455,525 larvae (685 x 665) , or m roun 
bers 450,000.* j o! 

The larval stage is the growing period of the fly, ana 
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adult will depend entirely upon the size that the lan-a attains. An under- 
fed larva will result in an undersized adult. The growing stage requires 
from four to six days, after which the ma^ots often crawl away from 
their breeding place, many of them burrowing info the loose ground just 
beneath the manure pile, or under boards or stones, or into dry manure 
collected under platforms and the like. One and three-fomihs pounds of 
dry manure, taken from beneath a platform, contained 2,561 pupae. The 
Iar\*ae spend three or four days in the prepupal or imgratory stage before 
actually pupating; in a given set of individuals under similar conditions 
the various stages are remarkably similar in duration— when one pu- 



Fjo. IW — A trpical roril Bt brevier j>5«w — tbe totnort r*Ie. The rnn- 

cipMi Q)«aace is th« fmb. vsno oaouiv sdiird ca top dailr. 


pates, die rest will certainly follow In short owlcr, and when one emerges, 
the others quickly follow. 

■When the fly emerges from the pupa case the wings are folded m tight 
pads and change in eiie is due only to expansion and addition in weight 
and not in growth. Stomach contents or dcs'clopmeal of eggs in the 
female add to weight. This is why no j*oung houseflies are seen, i.e., 
young in the sense of being small. Little flics are not “baby” flies; they 
arc either a different and fm.aner species or undersized. One c.an in.'lu- 
cnce the size of the adult fly by underfeeding it in the laiwal stage (sec 
Herms.MPOr). 

Ealimatbg that one adult fly deposits from 120 to 150 eggs per lot with 
at least six lots at intervals of from three to four da}*?, Hodge • gives us 
the following a.«tour.djng statement : "A pair of flics beginning operations 




284 MEDICAIi ENTOMOLOGY 


in April may be progenitors, if all were to live, of 191,010,000,000,000,* 
000,000 flies by August. Allowing one-eighth of a cubic inch to a fiy, IMs 
number would cover tlic earth 47 feet deep.” 

Other breeding places. — While horse manure is certainly a favorite 
Inrv'al food and is commonly regarded as the chief factor in the breeding 
of houseflies, and certainly is under most rural and village condlUons, 
other factors may arise which arc vastly more important, paiticularlv 
in this day of the automobile and tractor. Cow manure if well mixed with 
bedding is frequently nn important factor in the development of files 
Flics will also breed freely in hog manure, but the swarms of flics about 
the pig pens usually originate in the waste feed, slops, etc. Chicken 
manure is the most important factor in the breeding of flies in poultry 
districts and the pest of blowflies in such districts is the result of dead 
birds buried in shnllow pits or simply disposed of by throwing them into 
a gully or in a corner. The dead birds (large or small) should be bum^ 
or buried with crude oil, plenty of lime or sprayed with creosote oil. 
Human excrement is a very dangerous substance and if exposed to fli« 
in open privies becomes a very prolific breeding place, which crapbs* 
sizes the need of flyproof privies or oOjer means to prevent flies froo 
gaining access or to repel them. 

Great swar^ of flics arc often found around feed troughs and tee 
animals (hogs and cattle) may be literally covered with them. An emm- 
ination of the waste feed behind or beneath the troughs or in and a te^ 
the mixing vats will almost invariably reveal numerous maggots. Slora^ 
receptacles for slops sometimes present a wnggling mass of magg® *• 
The correction of such fly-breeding manifestly depends 
cleanliness and care in handling the mash, wet or dry. The eddi icn 
a very small quantity of turpentine to vessels containing kitchen s op 
acts as a repellent and is harmless. Spraying fences, walls an 
with creosote oil gives beneficial results also and is not so disa^c 
as crude oil or fuel oil, all of which, of course, add somewhat to s 


It frequently happens that brewer’s grain or spent ^ 

and ensilage are only partly consumed by the animals and e ^ 
thrown out into the fields in heaps. Such heaps of waste are w 
source of enormous numbers of flies about dairies where othenn. 
tiona may be very good and no apparent reason for . 1.^2 

exists. In dealing with such wastes the general ® ® £y. 

the waste in a riiin layer so as to hasten drying and us p 

begin, are commonly sources of many flies of severs ,jecsjisg 

decoying onions and other vegetables, fruits, etc., a 
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Hange of Ordinarily under city conditions it may be safely 

said that where flies are abundant they have been bred in the same city 
block or one immediately adjacent. The housefly can, however, use its 
wings effectively and may be carried by the wind, though it usually seeb . 
protection very quickly when there is a strong breeze. Where houses are 
situated close together flies have the opportunity to travel considerable 
distances by easy flights and they are often carried on meat and milk 
delivery wagons, animals, etc. 

In a most illuminating experiment Copeman’ et al. have shown that 
houseflies may invade a community at a distance of from 300 yards to 
17,000 yards from their breeding place; in this case a refuse heap. 

In a certain city in Montana 387,877 marked flies were liberated from 
a release point and a total of 1,056 flies were recaptured at seventy-eight 
stations which varied from 50 to 3,6(K) yards from the point of release.* 

Longevity of flies . — In order to determine the longevity of flies it is 
necessary to keep the same individual under observation from the time ol 
emergence from the pupa to the time of death. The writer has done this 
by keeping each pupa in a separate vial, noting the time of emergence to 
the hour and spotting each fly lightly with Chinese white dorsally on the 
thorax. The spots can be arranged singly and in combination so that ’ 
many different flies can be kept under observation at the same tune | 

After marking, the flies were liberated in bobbinet-covered cages (she } 

of cages never more than 8" x 10" x 18") . Each cage was provided with ^ 
sugar water and a receptacle of horse manure. A full set of experitoenh ^ 
under sufficiently varying conditions indicate an average life of close to 
30 days with a maximum life of something over 60 days during the sum* 
mer months. In hibernation flies may live over winter, i.e., from October 
to April, which is the case in our eastern and central states. In Ca • 
fomia, flies emerge from their pupa cases throughout the winter, an 
their life history is then considerably longer than in summer. " . 

Other house-invading flies. — ^Fannie (=:JIoTnalomi/iu) canicular^ 
(Linn.) , commonly known as the lesser housefly, is frequently seen hover 
ing in mid-air or flying hither and thither in the middle of the rooW- 
Where the common housefly is encountered most abundantly uj ® 
kitchen or dining room, particularly on food, the “little housefly wi 
seen as commonly in one room as another, and very seldom actua y ^ 
the “spread” table. The writer commonly observes a half dozen or mo 
of these little flies dancing weirdly in the center of the lecture room mi 
way between the floor and the ceiling. Various observers have es 
that this species constitutes from one to 25 per cent of the total pop . 
tion of flies in the average house. ^ 

In size the species varies from 5 to 6 mm. Its color is grayis i 
bling the housefly very closely. Hewitt describes it as follows. 
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dOfl-bufT of tie rczcainiog ground-color; in the female the upper surface of botS 
thorax and abdomen is grey, wth darker markings. In the case of both 
however, the surest critcriafor distinguishing Mvsea autumnalis fnmM.dont}- 
f ICO are those presented by the upper surface of the head. Whereas in the nuJe of 
Musca autumnalis the eyes arc so close together as to be almost or actually ia ccra* 
tact at one spot, in the male housefly the space between the eyes is always ouf'h 
broader, and, as already indicated, may be nearly equal to one-fourth of the total 
width of the head. As regards the opposite sex, in the female of Mm 
oufwmnoZwtheblacklongitudinalarca (frontal stripe) in the center of the space 
between the eyes is approximately equal in width to the grey border on each 
side, separating it from the correspoDding'eye. In the female housefly, howerer, 
the frontal stripe is much broader, and its width greatly exce^ t^t of lie 
border, yellowish-golden in front and below, blackish above, on each ade ofH 
The resting position of the wings in Musca autumnalis is the same as in If- 
domestieo. In the autumn, in country districts in the British Islands, Mm 
autumnalis frequently enters houses and public buildings, sometimes m laiyc 
numbers, and subsequently hibernates in attics, roof-lofts, towers, in the folds 
of curtains in disused rooms, and in ^ilar retreats.” 


Major Austen reports that it breeds in cattle droppings scattered ia the 
field. 

Muscina atcibulans (Fallen) is larger and more robust than the true 
housefly, vaiyiog in length from 7 to nearly 10 mm. Its general appear* 
ance is dark gray. The head is whitish gray, the antennal arisU bears 
setae on both the upper and lower sides. The thorax is gray with 
longitudinal black lines: the abdomen is almost black in color, covered 
with gray in places, giving it a blotched oppeoronce. The legs are alenwr 
and are reddish gold or cinnamon in color. The wings are folded 
ilfusca domesfi'ca Linn.; the “fourth longitudinal vein is not elbowed^ 
converges but slightly towards that of the vein before it" (Austen). ^ 
eggs of this species are laid upon decaying organic matter and excre® ’ 
inclusive of human and rotting cow dung, in which the larvae deve op- 
The complete life cycle is said to require from five to six weeks. 

Pollenia rudis (Fabr.), the cluster fly, may be distinguished 
other houseflies in that the wings when not in use close over each o 
at the tips scissors-like. According to Austen it measures normally s 
one-third ii^ch in length; it is thus as a rule a much lar^r insec 
the true housefly. It is more heavily built and slower in its movem® 
Austen continues the description: 

"The upper surface of the dark greyish-olive middle region or 

(thorax) is clothed with a diick coat of fine, silky, rec^bent, ye 
golden-yellow easily viable to the naked eye, and, though rea ^ jjjjgj. 
off, still recognisable wi^ the aid of a Jens even ia a vj^en) i® 

The iron grey upper surface of the iK> 5 tcrior diririon of the body I p 

mottled with shinunering metallic patches of lighter grey, (in of 

Keilm, working in Paris, made the extraordinary disciwery tha , tL^orfl 
the cluster-fly is an internal parasite of a small earthworm ( 
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chhrotka, Sav.)”, ^hich bke the fly itself, is exceedingly common and widely 
distributed in Europe, Korth America, and elsewhere. "The popular name of the 
insect (namely cluster fly) is due to the habit of this fly of clustering together, 
sometimes in very large numbers like a swann of bees, when hibematmg in 
houses or other buildmgs.'' 

Blowflies and jlesk flies . — The bIow*flies inclusive of the bluebottles 
and green-bottles (usually included in the family Calliphoridae as 
well as the flesh flies (family Sarcophagidae of most authors "), are con- 
veniently placed in the family Mclopiidac. (^rran characterizes this 
family as follows: 



yie I03— .A commno biowflr, Con<^A«ro tpinilona 


‘Tlici of rncdnim to modcratclj sm.-ill me. the abdomen U5u.illy dark and 
tc'fellat e or metallic green or blue Front in both se.Tcs broad, usu.an> fomewhat 
narrowed in (bo males, rarely vcr> narrow, vibnssac present, antennae long or 
short, the an!t.a plumo«c, pubeseent or bare AWomen eomposcif of four feg- 
mentj! IQ the males, the fifth short in the fetnafes, abdominal bnslles usually 
ftrbng, at lc^»t on (he apical segments n>poplcura with a row of bristles; po«t- 
rrutelium developed only in MtfcmbnncHo Apical cell usually open, rarely 
clfi-eil and jictiolate, usually ending far before the apex of the wang • . . TJic 
alwcnee of the post^cutcllura di«tincuuhcs the family from the Tachinidae 
while the piT*-enecof liypoplcuraj bnslles scTuirates it from the Museidae " 

Tlie larvae of tlic bIowflic.« and flc'h flic< U'ually feed on dead animals, 
g.-irh'ige, exrreinciit, etc TJiey ore pnmanly scavenger in habit. 

Cflffip/iora — Tlicre lire but two cotmnon species of blucbotllc or 
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larvae) 


periQu; aDuut two ana a nan aays; prepupai auage , 

about three days; pupal period about six days. Zr.sencofa ' ' 
itself well to rearing in large numbers for experimental purposes. ^ 
ing procedures are described by Dorman, Hale^ and Hoskins. . 

The size of the flies and the sex ratio varies according to 
of food available during the larval or feeding stage. The sex ratio o 
to 3.1 males to 6.9 to 7.2 females for flies resulting from larvae whic 
until they left the food volimtarily, i.e., from 72 to 78 hours, is 
to 6 2 to 6.5 males to 3 5 to 3.8 females in flies in which the larvae 
permitted to feed only 30 to 36 houra, i.e., underfed. 


^ calhphond fliea, although there are many described species. CaUipka 
vomiforia (Linn.) has black genae with golden red hairs, while C. 
erythrocephala (Meig.) has fulvous genae with black hairs (Fig 103). 
The eggs of these species hatch in from 6 to 48 hours, the growing lame 
feed on the flesh for from three to nine days, after which the fully groM 
larvae leave the food and bury themselves in loose earth. This period 
(prepupai period) lasts from two to seven days^ commonly four, after 
which pupation takes place. The pupal period varies considerably ac- 
cording to temperature, lasting from 10 to 17 days, commonly 11 dal’s. 
Thus the life history of the blowfly requires from 16 to 35 days, 
commonly 22 days. The life of the adult is about 35 days on an 
average.^* 

Lucilia caesar (Linn.) , a common species of green-bottle fly, is com- 
monly found indoors although it is typically a scavenger fly. The abdo- 
men is brilliantly metallic green or copper. There are two post-acrostlcal 
bristles. The life history of this species is somewhat shorter than that of 
the bluebottle. The egg stage requires from 6 to 48 hours; the growing 
(feeding) larval stage requires from three to seven days, commonly fi^e 
days ; the prepupai period, commonly six days ; and the pupal period froffl 
8 to 34 days, commonly 12 days, giving a total of from 16 to 60 days 
and over, commonly 24 days. Under optimum conditions this fly kvari* 
ably requires 15 days for its metamorphosis ; the average longevity of the 
fly is about 30 days. 

l/ucilia sericata (Meig.), like all species of iucih’a, is of brilM 
metallic color varying, however, in this species from metallic blue ao 
green to copper. It too may occur indoors and is also typically a scaven- 
ger. The palpi are yellow. There are three post-acrostical bristies presen 
The second abdominal segment is devoid of marginal macrochaetae [pees 

entini/. sylvarum (Meig) which also has black palpi]. Atatempewtufc 

of 80° ±: 2° F. with beef lung or fish as food, the entire life history®^ 
Lucilia sericata (Meig.) from the deposition of the egg to 
the fly requires about 12 days — egg stage, egg hatching same day i 
posited during early morning, about eight hours ; larv.' I stage 
period) about two and a halt days; prepupai stage (migrating 
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Sarcophaga hacmorrhouialis (Fall.) occurs Utrotigltoufc North Aracr- 
ica as n'c}! as Europe, Asia aod Africa. It measures 10 to 14 mm, in 
length, in color it is gray. The tcr minalia of the female are red. It re- 
minds one of an ovei^wa housefly, but is lighter gray and the eyes are 
brighter reddish brotra in color and it is larviparous. The lan-ae have a 
wide range of feeding habits, being, however, primarily scavengers. They 
feed on dead insects, carrion, mammalian crerement, etc. 

The Isrv'ae are readily deposited on one's hand while holding the 
female fly. The life history in the presence of ample food and warm tem- 
perature requires from 14 to 18 daj-s. The growth of the larvae is very 
rapid after eitnisioa when food such as carrion is available. The larval 
etage may be completed in about three days, followed by the prepupal 



Fjc 101 — Ftjct o( llx ccaii>r.» bou*»fiy (Mc<h«'»rs^J 


or nngTalor>* stage lasur.g usually about three daj's. The pupal stage 
requires from 8 to 10 daj's. 

Genn carriers. — The common housefly, .Ifusca domfiticc Linn., w 
bj* accident of habit and structure an important and dangerous disea#?- 
transmuting insect. la habit the housefly is revoltingly filthy, feeding 
mdiscnminatcly on ctc.’vment, on rocul and rpytu.m. and is, on the other 
hand, equally attracted to the daintiest food of man The housefly 'a pro- 
bo«eis is p.-orided with a profusion of fine hairs which sen-e as collectors 
of g»Tm5 and filth , the fool (Fig IWj of the fly when examined under the 
Tr.5crc«cope presenla an astonishing complexity of etruclure. Each of the 
SIX feel IS equally fitted with bristly structum and pads which fec.'ctc a 
stjcky malcnal, addmg thus to their collecting ability WVn the Cy 
feeds It rcgurpitaleii d-mplcta u'rd jn liquefying solid food, a.*:d extrudf^ 
droplet* of cxrrcrr.fr.t a* well Th*‘ «*ructural character*, td i-^l to the 
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natural vile habits of the housefly, make it an ideal transniitler of inlet- 
tious disenses of certnin tj'pcs. 

The common housefly has long been known (o confarainafe food, but 
has, nevertheless, been regarded as a scavenger, and thus a beaeSeiil 
meet; however, if there remains any doubt in the mind of the readers 
to its harmfulness, after pondering what follows, let him take the tiine 
to make a few careful observations for himself. 

In order fo show that the housefly (Musca Linn.) can esny 

germs” of a known kind, a partially sterilired fly was placed in a tet 
tube containing a culture of Staphylococcus aureus^ After walking abotd 
in this tube and becoming contaminated with (he Staphylococci, the fy 



Fio 105 — CuHurra of Stap^ifloeQreu$ oarevt transferred by a housefly If * , 

agar plate upon irhidt »t was allowed to cra«l for three mtnutm. Incobation p<2’ 

24 hours- 

was transferred to a sterile agar plate upon which it was illowed 
for three minutes. The plate was then incubated for twenty-four hou|-' ■ 
after which it was examined and photographed. Figure 105 J 
trail of the fly; every place tbat the foot touched is plainly marked W 
a vigorous bacterial growth. Tbat the fly cannot easily get rid of e" 
bacteria on its feet is also illustrated by tiiis photograph, ioasmuc 
three minutes spent crawling about on the agar plate did not ^ 
lessen the growth-vigor of bacteria deposited, and a second agar p 
contaminated by the same fly immediately after exposure of the 
plate gave equally astonishing msulta. The same experiment was f 
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formed, using Serratia marcesccns Bizio (Bacillus prodigeosvs FJugge) 
with even more pronounced results. These experiments were repeated 
several times with like effect. 

Estcn and Mason in the “Sources of Bacteria in Milk” state: 

"The domestic fly is passing from a disgusting nuisance and troublesome 


small, while later the numbers are eomparatuely verj’ large. The place where 
flies live al«o determines largely the number that thej’ carry*. The average jor 
m files teas about one and one-fourth mtUton baetena on each. It hardly seems 
possible for so small a bit of life to carry so large a number of organisms. The 
objectionable cla.«s coliaerogencs type was two and one-half times as abundant 
as the favorable acid t 3 'p€ " 

A very excellent and significant study has recently been made by Yoo, 
Yuan and Hmc (Nat'l Jled Joum. China, vol. J5, no 4, pp. 410-418, 
1929) for Pciping, China. Their etudies arc based on a total of 384,193 
flics, of which 9S.4 per cent were ^fusca domcstica Linn., 1.1 per cent 
Fannia cameularis (Linn.) and F. scalaris (Fnbr ), 0.31 per cent Ludlia 
caesar (Linn ), 0 16 per cent Calltphora cnjthroccphala (Meigcn) and 
t' vomilona (Linn ), and 0 03 per cent Sarcophaga camaria (Linn,). 
Tliey found on average of 3,6S3,0(X> bacteria per fly m the slum district, 
and 1,941,000 for tlie cleanest district. They found eight to ten times 
os many bacteria m the inside of the flies as on the outside. 

From the experiments previously cited it may be seen that the fly 
becomes infected by walking over infective materials, both its feet and 
wings becoming contaminated. The intestinal contents of flies become 
charged witli infection when feeding on infective material, and bacteria 
arc dejected in the fly “specks,” and vomit droplets. It furthermore 
seems plausible that flics might become infected in the larval stage by 
dcA eloping in infectious fecal matter and (hat the newly emerged and 
unfed flies w'ould be d-angerous. Under cxpcnracotal conditions Graham- 
SmiiU has produced infected blow-flics by feeding the larvae on inc.at 
infected with spores of Bacillus anthracis. lie found that the blowflies 
remained heavily infected for at least two days after emerging and th.st 
the bacilli could bo cultivated cither from the kgs and wings or intestinal 
content" of flies more than fifteen or nineteen days old. 

Human foods are cont.ammat<-d by flics primarily by direct contact 
through the touch of feet, prol>o"cidcs and wings; and, secondly, through 
flj "fpccks” (feec") and %omit droplets; and, flnallj’, flics grossly infect 
liquids by accidentally dropping into the fluid— this is especially true 
of milk. 

Tlic opportunity for flics to become infected is so great in all com- 
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munities, even tLe most sanitBry, that no fly should be trusted to aiisli 
on food prepared for human consumption. The folloiving quotation iin 
Nuftaii ” is directly to the point: ' 

«T+ t 1 . - . . , 


ugciiis \,uan, lor instance, a sample o! infected water. In potential pos^ib^es 
the droppings of one fiy may, in certm circumstances, weigh in the batoa ss 
against buckets of water or of milk." 


Leidy**in 1871 expressed an opimon that flies were probably a mtsts 
of "••• . . 

pe<' ' i ‘ 

in which hospital gangrene had existed during the Civil War, he thou^t ' 
flies should be carefully excluded from wounds. Itwas, however, 
the Spanish'American War in 1898 that the real menace of the fiy ^ 
cams etndent as indicated by the following quotation from an article hf - 
Veeder in the Medical Record of September 17, 1898: ^ 

"To clinch the argument, and apparently to leave no loophole for 
I have made cultures of bacteria from fly trades and from the ' 

flies, and there seems to be not the slightest difficulty in so doing. 
evidence of every tort is so dear that I have about reached the coaclusoa 
the conveyance of infection in the manner indicated is the chief factor a 
decimating the army ” • , 


The following quotation from routine orders (846, April 16, 
concerning sanitation in the operations of the Fourth Army (British s 
indicative of the importance in which fly control was held during 
World War: 


"1. The approach of wanner weather makes it imperative that ^ t 
should appreciate the necessity for taking every possible precaution to 
guard the health of the troops dunng the coming summer. 

"It must be impressed upon all ranks that their comfort and imm^ i 

.1 4' ' '' » . 


this necessary work and the responabBity for seeing that it is done 
extended down to the commanders of platoons and other sn^ units. . ^ 

"2. During the offenrive of last year certain epidemic 
considerable hold, and there is good reason to believe that most ‘ 
which took part in the Battle of the Somme include men who # ^aiu- 
disease germs. The universal and conscicDtious observance of the g 

tion 13 , therefore, necessary, jf an ejadwosc of a serious nature is to be ^ 

"3. The diseases in question, the most prevalent of which is vys ’ 


HOUSEFLIES- 


295 


belong to the so-called Enteric group. Tlie germs which cause these diseases are 
spread through the feces and urine of patinrts — eariy cases, slight eases, con- 
valescents and carriers The diseases are literally caught by the swallowing of 
infected matter introduced into the mouth in w-ater, or in food contaminated by 
flics, dust, mud or dirty hands. The sanitary measures detailed below all aim at 
the prevention of this sr^-allowing of filth 

“4. It is a breakdown of ordinary sanitation which is most to be feared and 
guarded against, I^Tien excreta he exposed and are trodden about, when flies 
swarm from latrines to cookhouses and to uncovered food, or when shell hole 
water is the only water available, then infection is inevitable" 

Gastro-intestinal diseases. — The housefly is primarily a food con- 
tominator and vector of filth diseases because of its feeding and breeding 
habits ns already- explained. Pathogenic organisms are collected on feet 
and mouth parts and ingested while feeding, then deposited mechanically 
while the fly is crawling on human food or deposited by regurgitation or 
with the fly’s excrement. 

Of the housefly’s ability to transmit typhoid bacilli, Jordan wTitcs; 

• “Not only may bacilli stick to the legs and wings of these insects, but if 
I swallowed they may survive the passage of the alimentary tract. Typhoifl 
bacilli have been isolated from houseflies captured in bouses in Chicago, in the 
neighborhood of badly kept privy vaults used by typhoid patients, and it has 
been shown cxpcnracntally that hring baciUi may mnam in or upon the body 
^ of flies for as long as twenty-three ds)-8 after infection.” 

^ The writer's attention was at one tunc called to a series of sporadic 
^ cases of typhoid fever, plausibly Iraccabfe to flics, thus: o certain car- 
,] pcnlcr, recently recovered from typhoid fever, resumed his work on a 
building on tlic outskirts of town, making use of a temporary box privy-, 
as was common practice. In the imrocdiafc vicinity there lived a milk 
;i dealer, who, after washing bis cans, placed them on the roof of a shed to 
) drain. Flics are fond of milk, even highly diluted with water. The 
\i patients with the cases of typhoid fever in question were, on investiga- 
tion, found to be customers of this particular dealer. The n^ment is 
, good and reasonably conclusive. 

^ Vao, Yuan and Iluie (loc. cU.) found Shigella (=i?aaf/iw) rfyicn- 
taiae (Shiga) in 15 out of 60 batches of one hundred flics tested. AJi- 
^ mentarj’ tracts of flics also revealed cysts of Endameha histolytica. They 
^ found neither EhcrfAclla (^Daeillus) typhosa (Zopf) nor Vihrio comma 
y (Schrocter). The specific death rate for gastro-intestinal dL^cascs roughly 
paralleled the number of flics captured. 

^ Faiclmie (Joum. Med. Aesoe. So. Afr., v ol. 3, no. 23, pp, 009-075, 
1929) in a recent study of the etiology of enteric fever comes (o the con- 
elusion tljal comparatively little tyTihoid is carried on the feet of flics, 
J but he found that boUi E. tyj>ho$a and AilmoncUn paratyphi (Kayrcr) 
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(B. paratyphosus A) multiplied in the intestines of flies fed on infe 
excrement. 

Cholera was among the first diseases with which the housefly 
associated as a carrier, and the experimental evidence is truly convinc 
Tizzoni and Cattani in Bologna in 1886 isolated cholera vibrios from J 
caught in cholera wards. Simmonds in 1892 captured flies in the p 
mortem morgue in Hamburg and isolated cholera vibrios from thes 
lai^c numbers. ^'Upon the surface of vegetables and fruits kept in a ( 
moist place, experiments have shown that tljc spirillurQ may retaiii 
vitality for from four to seven days” (Jordan). 

In their study of the epidemiology of cholera, Gill and Lai (M 
Journ. Med. Res., vol. 18, no. 4, pp. 1255-1297, 1931) have found evidei 
to support the startling suggestion that possibly one phase of the 
cycle of the cholera vibrio is passed in the body of the housefly. 1 
results of their work show that the vibrios disappear from the body of ' 
fly after about 24 hours but reappear on or about the fifth day, atxhi 
time the fly is capable of infecting food by its feces. Apparently f 
insect is not only a mechanical vector but may be involved in biolopi 
transmission. 

Yaws (Framboesia or tropical ulcer) is caused by Treponema^ 
tenue Castcllani. The disease is widely distributed in the tropics. T 
spirochactes are found in the superficial ulcers on the hands, face; a 
and other parts of the body. The following quotation from Nuttall u 

Jepson (1909, loc. cit.) is convincing enough that Jftwcorfomesfica ha 

is amply able to transmit this disease: 

"Castcllani (1907) tested the matter of the fly transmission of 7^ 

by experimental methods. He allowed M. domestica to feed (1) 
yaws material (scraping from slightly ulcerated papules), and (2) 
semi-ulcerated papules on the sldn of these yaws patients. In bo ca- 
he was able to discover the Spirochaeta pertenuis in microscopic pi® ^ 
rations made from the flies’ mouth parts and legs. Furthemo^i 
allowed M. domestica to feed on yaws material (1 and 2 as ^ 
afterwards transferred them to scarified areas upon the eye ro 
monkeys. Of 15 monkeys thus experimented upon, three develope 
papules at the places which had been contaminated by the 

Ophthalmia.— In commenting on ophthalmia as came y 
Howard (1911, loc. cit.) has the following to say.* 


“Dr. Lucien Howe of Buffalo infonned the writer 1 pw 

opinion the ophthalmia of the BlgypUans is ^so transferred y gyiriiKJ 
sumably by the housefly, and referred the writer at 

he read before the Seventh International Congress of Oph a , 
baden in 1888. He referred to the extraordinary prevalence of 
mia among the natives up and down the river Nile and to 
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abundance of the flics in that co»nlrj% He spoke of the dirty habits of the 
natives and their remarkable mdifferenee to the visits of flit®, not only children. 


when the flies are present in the greatest numbers and the eye trouble is most 
prevalent in the place where the flics arc most numerous. In the desert, where 
flies are absent, eyes as a rule are unaffected. He made an cmmination of the 
flics captured upon diseased eyes and found on their feet bacteria which were 
similar to those found in the conjunctiva! secretions. Flies captured in “Esypt 
swarming about the eyes of ophthairaia jiatientsand sent to Washington, H. C,, 
were identified as Muica domestico*' 

Eggs of parasitic worms. — The most extensive and careful work on 
the dispersal of eggs of parasitic worms by the housefly has been done by 
Nicoll,"® and the following is a summarj' of hU investigations in that 
rc«jicct. Flics feed readily upon infective material such ns excrement 
laden with eggs from parasuic worms and even upon evacuated ssonn« 
Eggs may be conveyed by flics from cverement to food in two nays, 
namely on the c.vtcmal surface of their body and in their intestines The 
latter mode is practicable only when the diameter of the egg« is under 
03 mm Eggs with a diameter of up to 09 mm. may be conveyed on the 
external surface, however, tlicsc adhering eggs arc usually got rid 
of by the fly wjtliin a short time, while those liarborcd m the intestine 
may remain there for tw o days or longer 

The eggs may remain alive and subsequently cause infection in cither 
of these ways; however, this depends on tlieir resisting powers. It wai 
found that material containing eggs of parasites, and m particular ripe 
segments of tapeworms, remain a source of infection through flics as long 
as two weeks. 

Tiic eggs of the follow mg parasitic worms were shown experiinenlally 
to be capable of transmission by iVusca domestica Linn.: T’acnia sofiuju 
1/inn , Taenia pmformis (Bloch), Ternia hydatigcna Pallas, Ilymcno- 
Icpis riana (v. Sicbold), HipyWmwi camnum {Lina.) , Dtphj/Uobolhnutn 
latum iLinn ),Knlcrobiui tcrmtculans (Linn ), Tnchoccphalus {=Tri' 
chum) irtchiunis (Linn ),both inlem.allynndc.\lemally, AVcofornwirr- 
tcanus (Stiles), Ancyhstoma canmum (Ercolam), /licant cquorum 
Goero, Forojcaris Iconma (v. Lin«tow), llymcnoUptt dmmuta (Ru- 
dolphi), externally only. No Ircmatodc parasites were cxporimcntctl 
w lUi find tiic obserx alions of Stiles that the !ar\-a! fly can ingest a^cand 
epiT' am! pas.s them oo to the adult fly wai not confirmed. 

Plague.' — Flics probably have little or nothing to do with the tr.an<- 
mi'^ion of rastcurrffo jKsiis of plague under u«ual condition*, but it has 
long been known that the larx'ac of flesh flich feeding on dcad.plaguc 
rats carried in tlieir ladies the organism of this disease ; indeed it is l>o- 
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iieved by soitie workers withoutmuch supporting evidence, ho\veYet,ih 4 i 
flies reared from such infected larvae suffer a high mortality due to 
p/ague. Russo (reported in Rev. Appl.Eut.xix,Ser.B,pp. 86-87, April, 
1931) found that fly larvae taken from infected rats and pupae and adults 
reared from them were all positive when tested for the presence of plague 
bacilli. Plague bacilli were found in the dejecta of the adult flies. Tte 
species of flies involved in Russo's investigations were ilfusca dowesrica 
Linn. CalUphora vomitoria (Linn.), jSarcopAaga camarw (Linn.), asd 
l/ucilia cae&ar (Linn.) . 

Tuberculosis.— “The belief that flies (Afuaca domesfl’ca) whicliha;e 
fed on tubercular sputum may serve as carriers and disseminators d 
the tubercle bacillus first led Spillmann and Haushalter (1887) to brej* 
tigate the problem. They examined such flies and also their excreta d^ 
posited on the walls and windows of a hospital ward, and were ableta 
determine microscopically the presence of large numbers of tuberck 
bacilli, both in the intestines of the flies and their excrement" (Nuttall, 
1899). 

Howard quotes the following from a “paper by Dr. Frederick T. Lord 
(1904) of Boston": 


“I. Flies may ingest tubercular sputum and excrete tubercle ba«lb, Ih 
virulence of which may last for at least fifteen days. , . t, *)i! 

“2. The danger of human infection from tubercular flyspeeb w W 
ingestion of the specks on the food. Spontaneous liberation of tubercle w 
from flyspecks is unlikely. If mechanically disturbed, infection of the surtY® 
ing air may occur. 

“As a corollary to these concluaons it is suggested thaV- 

“3. Tubercular material (sputum, pus from discharging sinusw, feC" . 
from patients with intestinal tuberculosis, etc.) should be carefully pro 
from flies, lest they act as disseminators of the tubercle bacilfl. 

“4. During the fly season greater attention should be paid to 
of rooms and hospital wards containing patients with tuberculosis, ana 
tories where tubercular material is examined. 


“5, As those precautions would not eliminate fly infection hy 
large, foodstuffs should be protected from the flies which may aireacy 
ingested tubercular material.’' 

The investigations by Dr. Ch. Andrd of the TJniversi'y of Lyo^ff® 
reported at the Anti-Tuberculoms Congress at WashiuL'io^j 

"Flies are active agents in Uic dissemination of Koch’s bacillus 
ate constantly going back and forth between contagious wti 

foodstuffs, especially meat, fruit, nulk, etc., wUch they pollute by 
their feet, and especially with tbw excretions. , ^ 

“The experimental researches of the author show the foUowmg. 

“1. Flies caught in the open «r do not contain any acid-fas 

could be mistaken for the backus of Koch. 

“2. Flies that have been fed on sputum evacuate 
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bacilli iQ their excretions. The bacilli appear six hours after ingestion of the 
sputum, and some may be found as long as five days later. These flies, therefore, 
have plenty of time to carry these badlh to a great distance, and to contaminate 
food in houses apparently protected from contagion, because not inhabited by 
consumptives. 

“3. Food polluted by fljcs that have fed on sputa contains infective bacilli 
and produces tuberculosis in the guinea pigs. 

“4. Flies readily absorb bacilli contained in dr>' dust 

"h. Flies caught at random in a hospital ward produced tuberculosis in the 
guinea pig." 

Andre’s conclusions arc: "Thesputa and feces of tuberculosis subjects 
must be disinfected ; flies should be destroyed as completely as possible; 
foodatufTs should be protected by means of covers made of wire gaure." 

Intestinal Protoxoa. — Roubaud** found that the cysts of Enda- 
moeba eoli (Omsai) , Endamoeba histolytica and Giardia lamblia Stiles 
passed through the intestine of the fly uninjured, and that free amebac 
(both coll and histolytica) when fed to flies were found dead in the fly’s 
mtestirve in less than an hour. Root” found motile Chilomastix tnesnili 
(Wenyon) in a fly's feces seven minutes after it had fed on a stool con- 
taining them. 

Murrina.— Murrina, a trj'panosomiasis of horses and mules in 
Panama and the United States, is caused by Trypanosoma hippicum 
Darling and shorni by Darling” to be transmitted mechanically by 
houseflies from sick animals to well ones by contact with blood from skin 
lesions and also in n number of other nays. 

Cutaneous habronemiasis. — An examination of certain persistent 
ulcerations, summer sores, on the lower portions of the bodies of horses 
which have a tendency to disappear during colder weather, may reveal 
the presence of larval nematode worms belonging to the genus //obro- 
ncwifl measuring from 1 to 1 5 ram in length. The presence of such worms 
m Fores on the eyes is termed habroncmic conjunctivitis. Tlie adults of 
these worms such ns Ilabroncma muscac (Carter), measuring from 8 to 
14 mm. in length in the male and 13 to 22 mm in the female, occur in the 
stomach of the horse where they lay their tggs which pass out with the 
fcccs. The newly hatched larvae find their way into the bodies of fly 
laiwae, which arc evidently true intermediary hosts and in which further 
<levelopmcnl occurs. The flies resulting from such larvae may contain a 
number of such worms (from 1 to 20) in their bodies, often the head. 
According to Ransom the infection of horses with //. mvseae is appar- 
ently brought aliout by the swallowing of infected flies or infection by the 
larvae migrating from the in*cct as it feeds. The sores above mentioned 
arc evidently the rr«u!t of laivac entering legions while the animals are 
lying down in infected manure 

Fowl taenlasis.— Domestic fowls arc commonly infested with tape- 



JOO MEDICAL ENTOMOLOGY 

worms and the extent to -which this may occur is well iliustated io Ej 
106. Several species of tapeworms inhabit the intestines of fon-h, brf 
although Grass! and EovcIli== as early as 1886 had made obserr'stio!! 
concerning their development, it was not until 1916 that experimfiijl 
evidence was published by Gutberlet,^® proving that the housefly (Ifujca 
domestica Linn.) was used ns intermediate host. 




FlC 106. — Showing segment of intestine (insiile out) of fowl infested ^»th numen 
tapeworm^ CAounotaeBifl infundibvluin. 

The most important of the fowl tapeworms is Choanotaenia 
ttlum (Bloch). It measures from 50 to 200 mm. in length. Tiic 
is small and rounded^ measuring about 0.4 mm. in width The ros e 
is armed with a single row of 16 to 20 hoofe. The cysts 
housefly are oval in shape and measure about 200p in length by . ^ 
diameter. Gutberlet infected the adult flies by feeding them 
which were infected with tapeworm eggs, and it is assumed that j a 
breeding in infected fowl droppings would become similar ^ 

Reid and Ackert in experiments with this tapeworm reco\ ere I’ 
tids in fowl feces at the end of the seventh week. These authors poi 
that buttermilk is vep’ attractive to both flics and chickens a 
chickens devour the flics eagerly. 
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CHAPTER XVI 


HOUSEFLY CONTROL 

Fly control. — Effective Dy control is based on a knowledge of the 
habits and life history of the offending insect. First find the breeding 
places and then apply the appropriate remedy. The presence of flics 
always denotes defective disposal of manures, garbage, sewage, slops, 
food wastes, ensilage, brewer’s grain, spent hops, wet mash, dead ani' 
mals, etc. 

Since the principal rural breeding places of the common housefly arc 
usually found in and about stables, particular attention must be paid to 
stable and stablc'yard sanitation, with special reference to the disposal 
of manures The stable should have a concrete floor. Although higher 
than wood in the initial cost, concrete meets the requirement of a good 
floor belter than any other available material. Concrete floors, according 
to Bulletin No. 07, North Dakota Agricultural Experiment Station, arc 
considered best for several reasons. 

"(1) They arc economical because they are durable. Wooden floors last 
from three to five years with a maximum of ten years, if of the best construc- 
tion, while the durability of concrete floors equals that of the building. (2) They 
*ave later because of their evenness, which permits of thorough and easy clean- 
ing. (3) They are sanitary not only because they can be kept dean, but because 
they are easily drained and arc watertight enough to exclude ground water and 
prevent the liquid manure from leaching into and polluting the sod. 

"The chief objection to concrete floors is that they are cold and slippery. 
To the Gfst may be replied (hat in reality concrete is no colder than wo^ 
subjected to the same temperature but on account of being a belter corxiurtor of 
heat concrcle fames away (he boddy heat of the animals faster if they come in 
direct contact with it. This is not a serious objection, for even wood is too eold 
for animals to he on without bedding, which should be supplied liberally on any 
floor. Straw is a poor conductor of heat and if a saflicient amount of bedding 
IS u.<Td, the bodily heat of the animals win be retained as well on concrete as on 
wood, which is apt to be more or leas wet or s og gy . A generota use of bedding is 
denrable not only becaure it adds to the comfort of the animals, but because of 
the increased amount of manure which in turn means increased fertility of the 
farm. The objection of elippenness may be orerrame by making the w«ring 
surface scored or grooved into blocks before it has hardened. TIkw scetioM 
rude from '< to C inehn square fumbh a good foothold for the animals and 
make a very neat appearance. 

''The floor should be rated about one foot above the surface of the ground 
to iruure drainage. If earth has bem filled in to secure this elention, it must be 
303 
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thorouglily ■ 

of the floor. ' * 

tion IS comj ■ ' . ’ 

'S m m. 

dran, coareo Rind and fiva mrt?° '>"= P=rt cement, Ji/, pt6 

before the concrete has ret S . •”'1 “■* 8”^““ 

to two rants dean w ft'"'’’ ™' !>“ I’'"'*'"”'* 

'’'"f. “"d- It the sand or «mcal is a 

part c™ent to I'/parerJlid “ 


where a fji el ('“ff'"". t'" '•'P'”’! “Po" the drainage of the soil, b! 

foundation norr? n provided, as previously desenbed, tb 

inundation need not be more than four inches thick.” 


In constructing a concrete floor, provision must be made (o m 
n«^y the urmc from the animals and the water used in cicansingthete 
an s Q s. Suggestions from the above-named bulletin are here flgsis 
ttso u , namely, the stall floors should be given a one-inch drop from tit 
manger to the manure gutter, which latter should be 


0 mehes deep and 14 inches wide. In order to facilitate the drainage of tlf 
/lamcis a 3'inch U-shaped channel is someiimcs made in the teltem of tl* 
gutter next to the manure alley, but this is not necessary where a slope Jsp''‘® 
the gutter bottom The gutter should be given a uniform fail of 3 inches to 
lect, and the floor of the manure alley should have aslope towards thcguiurd 

1 men to 10 feet A Mnall watertight liquid manure cistern may be pron’dtd out* 

fide the barn into \shjch the gutter drains, but if a manure shed is usfd,ti' 
cistern should be m the shed. The gutter should be connected to the cistern b 
means of a dram pipe effectively trapped like the soil pipe in a house and ^ 
arranged that the trap may be easily cleaned.” 


In towns W’ith seiver facilities connection may be made directly nithtl® 
sew'er, dispensing with the manure cistern. 

Concrete stall floors may be covered with wood to prevent aniwsi^ 
from coming in direct contact with the concrete. If sueh super-flooi^fi*’^ 
provided, they should be made of hcaii'y two-inch strips three inches 
and as Jong as the stall. The strips are fastened together by crosspiftf- 
(ordinarily flat iron strips) , so that a space of about one-half inch 
mains between the strips. To facilitate handling, it is recommeaded 
the floor be made in two long pieces, each half the width of the stall, ^ 
fitting closely where they join. In this way the super-floor can be 
up while the concrete is being cleaned; the crevices between the 
strips can be readily freed from manure by means of a heavy ® 
ivater or the use of an iron rod. If the crevices are not also 
cleaned, fly larvae will develop there very readily. 
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Manure and odors of manure u-ill attract the female flies even though 
the stable Is somewhat dark. The writer believes that the small extra cost 
of screening a stable against flies is a good investment, since it not only 
lessens the opportunity for flies to breed but also adds to the comfort of 
the animals. 

iUenure disposal . — \\^orcver horse manure is piled up and accessible 
to flics, the opportunity is given for them to breed. As before stated, it 
requires only about four days for the lar\'ae to reach full grondh, after 
which tijcy begin to migrate into the drier portions of the heap and crawl 
out into near-by debris, beneath platforms, etc. It is therefore imperative, 
if fly breeding js to be prevented, that manure be protected against flies 
from the beginning or that it be rendered undesirable to flies. 

Under ordinarj' rural conditions the most practical method is to re- 
move the manure to the field daily. A cart may be used for this purpose, 
backed up against the stable doorway where the manure is thro^TX in and 
then carted away at once to a field where it is scattered. This saves much 
time in handling and is sound agricultural practice. Since moisture and 
warmth are both noccss.irj' for the development of fly larvae, the scat- 
tered manure cannot serve this purpose. 

The Wisconsin Bulletin No. 221 states: 

"Jfanure » never so valuable as when perfectly fresh, for it is impossible 
under the best system of m.anaffcmcnt to prevent all Joss of its fcrtiliring 
inffrcdicntfl For this reason, whenever possible, the manure should be hauled 
directly to the field and spread. The SNstem saves time and labor as it involves 
liantliing but once. The manure wiH be leached by the rain and snow, neverthe- 
lo>s the soluble portion will be earned into the soil, where it is needed When 
spread in a thm layer, it will not heat, so there mil be no loss from hot fermenta- 
tion, and tthere manure simply dries out when spread on the ground, there is no 
loss of valuable conslilucnls.’' 

Hence a manure spreader is a valuable part of farm equipment. It is not 
safe to permit chickens to feed on maggots owing to the fact that the larva 
of n common and dangerous poultrj* tapeworm (Fig. IQG) is commonly 
harbored by these insects Farmers ond gardeners who wish to use 
“rotted” manure for fertilizing purposes should screen the heap until 
the “rotting" process is well under way, when fly breeding will be reduced 
to a minimum, or, ns has olrcady been suggested, the manure may bo 
placed in trenches nnd covered with lime and earth whenever fresh 
manure i.s added or it may be stored in fly-tight composting pits. 

.Henure tf(Wf<T(;c.~Piljng manure in a barnyard results in o loss of 
inanurinl value due (o leaching nnd fermentation, estimated at from 25 
to 60 per cent. Tlie Cornell UnKcrsily experiment Station has carried 
on inv t'ltigation^ which show the Io«soI valuable plant food w hen manure 
ii di'jKj'td of in the usual exposed manner for six months. When the 
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manure was tested, it was found that the horse manure had lost S? per 
cent and the cow manure 49 per cent in gross weight, and the loss in value 
based on plant food (nitrogen, phosphorus, and potassium) amounted to 
65 per cent for the horse manure and 23 per cent for the cow nianiire. 
When manure wet with urine is thrown from the stable on to the heap it 
contains about 75 per cent water which holds most of the plant food, 
Exposed to leaching rains and weather the liquid sinks into the gromi 
beneath or flows away. Thus not only docs the barnyard manure pils 
result in flies but also in serious loss to the farmer. 

To insure against the loss of liquids and multiplication of flies in tie 
bam, attention must be paid to stall 6oorB to make them tight andtu 


Fm. 107 ^Manure bin in a position to become a fly-breeding csge, ins«» ^ 

prcrentiTe. H is «iggeBted tbst the lid be pcnoenently dosed *od an o{» 8 
directly from the stable into the bin. The manure pile adjoining the bin vU 
manner of disposal before the bin vas bnilt- 

a means of conserving the urine from the animals by means of 
gutters as already e^lained. • My 

Manure bins.— Under town and vUIage conditions it is 
impracticable to remove manure from the prenuses daily, hence i 
be stored temporarily in special receptacles or bins. Hcretofom> 
has been laid on fly-tight rcccplaclea, but unless exceptional c 
exercised in operating such receptacles, they actually become ^ ^ 

ing cages. The writer early recognised this difficulty and sugg 
remedy as below described. Tbp manure 

Figure 107 illustrates a manure bin of the earlier type- 
pile near by illustrates the manner of disposal before the bm w 
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n In this case the Hd of the bin must be kept open while the manure is being 
jjjj transferred to it from the stable, and during this time flies enter the box 
in numbers, and when the lid is closed they are trapped, deposit their 
eggs and soon the manure is reeking ndlh maggots, and if the bin is not 
j.; cleaned out before the expiration of 9 or 10 days, myriads of flics emerge 
.^1 and are liberated when the lid is opened. 

gj The bin is built on a concrete floor to prevent rats from nesting un- 
jj demeath. It is painted with creosote inside and ventilation is provided 
for at both ends by means of screened openings. The screen should be of 
copper wire to prevent rapid rusting. The front of the bin is provided 



Fio. 103 properlj conftructrd nsnure bin with opeoing directl/ troos (Ubie 
into bin M<r or znty not ^ (ievttrd on ]«t« to (ao)iUte remorml of m&nnre to 
Sire of bin dex^ndt on number of horeee and fnqwncj of menore rtmoTtl 


with a hinged door which lifts up, so that the manure can easily be rc* 
moved. The dimensions arc approximately as follotvs; length, 8 feet; 
width, 4 feet; height in front, 4 fed; height m back, 5 feet. 

The sire of the bin, or composting pit if this is used, depends, of 
course, on the number of horses stabled and the length of time during 
which the manure remains in storage. It may be csUmaled that the 
nvernge horse produces m cubic feet of manure per day, including 
liedding. 

To prrvrnt the bin from becoming ti fly-brccding cage, fiie wnfer 
recommends Hint (he (op be permanently closed, i c., without n hd, and 
that the manure be thrown into the bin directly from the stable through a 
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small door cut through the, side of the stable into the bin near the top d 
it (Fig. 108). This opening can easily be provided with a small sMoi 
screened door. Furthermore, the bin should be built so that the small 
door last mentioned can be located in a dark part of the stable, tii© 
further preventing flies from entering the bin. At a small added cost fir- 
traps can be attached at the ventilator ends of the bin in such a mamer 
that chance flics in the box will enter these. Because the flies respond to 
the light, they will naturally gather at the ventilator ends, and if tbs 
traps are baited with some material attractive to the flies, there is an 
added inducement to enter. 

Composting pits . — Composting pits arc frequently used on counhy 
estates and truck gardens where quantities of rotted manure are used for 



Flo 109. — Cross section of a concrete fly-proof composting pit. mimUs® 

in Advisory pamphilet on Camp Sanitation and Housing, Commission ot m 
and Housing of California ) 

fertilizing purposes. Such pits are usually made of concrete and coW 
with wood, all carefully constructed to exclude flies and l ' 

which latter may breed in the liquids collected in the sump. A 
constructed composting pit enables one to preserve the urine, 'a ic 
very valuable in addition to the more solid excreta. ^ 

A cross-section of a composting pit is shown in the figure ( ig- 
In this case a pump is shown by means of which the urine and wa e 
pumped out of the sump and returned to the manure from 
Water should be applied to the manure occasionally to preven u 
which may destroy much of the value of the fertilizer. , ^ 

The size of the pit depends also on the number of horses s a 
pit as shown in the figure with a length of sixty feet ough o .. 
manure from ten horses for a period of six months. 
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Close packing . — ^Thc following description of this method is from 
Austen (loc. cit.) , who states that the essence of this method is the utili- 
zation of the natural heat of fermenting manure, for the destruction of 
the eggs, maggots, and pupae (If present) of the housefly. 

"For close packing (a method introduced in 1915 by Lieut.-Colonel S. A. 
Monckton Copeman), an area of hard, level ground, at least three or four feet 
greater in extent each way than the ultimate size of the intended dump, 
must be selected or prepared to receive the manure. On this, each day’s 
manure is utilised in forming or adding to a compact rectangular block, which 
may be of any desired dimcnsoas horizontally, but for convenience of treat- 
ment should not exceed five feet in height. &ch load of manure on being 
added to the dump must be pressed down firmly with shovels, and if the 
weather be dry should he sprinkled digblly with water; finally the sides, 
which should be somewhat sloping, must be beaten and smoothed down with 
the shovel. . . It was found by Colonel Copeman that, four inches be- 
neath (he surface of a heap of fresh stable manure treated in this way, 
the heat produced by fermentation may be as much as 1C9* F., though housefly 
maggots are speedily killed at temperatures only slightly above 114.8® F. It 
should bo noted that the fertilizing value of close packed is greater than that of 
loosely stacked manure. 

“Although the success of close packing as a preventive of housefly breeding 
m horse-manure bos been proved in England, the method has yet to tested In 
warmer climates. In the event of failure from some unforeseen cause, the por- 
tion of the dump (both sides and top) in which maggots arc seen should be 
covered over with a layer of sacking (old coal sacks, if without holes, answer 
well), soaked m hcai'y oil and secured by means of I.nrgc stones; the sacking 
need only be allowed to remain for one week, after which if required it may bo 
employed on another part of the dump." 

The maggot trap. — It has already been explained that fly larvae re- 
spond to a migratory impulse just prior to pupation. The maggot trap 
(Fig, UO) takes advantage of this habit and consists of a wooden plat- 
form 20 feet long and 10 feet wide, supported on legs one foot high. 
Across the framework arc nailed strips 10 feet long by one and one-fourth 
inches thick and one inch wide and one inch apart Slatted sides three 
feet high may be added to hold manure in place. This platform is placed 
in a concrete basin about four inches deep (concrete floor 22 feet 
long and 12 feet wide, with a rim four inches high and four inches lliick), 
in which water is placed to a depth of one-half inch in the shallowest 
p.art. Tiic basin floor is made to elope slightly toward one comer, which 
19 fitted with a four-inch outlet pipe (plugged with wood when in use) 
so ns c.asily to run off the water if necessary. 

The manure is (lien dumped as usual directly from the stable upon 
the platform, with the precaution, however, that the manure must be 
sprinkled daily with enough water to moisten it Oioroughly. Flies now 
deposit Oieir eggs a-s usual and fly lara'ac dca*ciop to tlic point where they 
lire nady to migrate, and beeau*c of Uic moi't condition of the entire 
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pile leave it; drop into the water and arc drowned. By the use of ill's 
method the Maryland State Agricultural Expcriraent Station reports n 
maggot destruction of 95.8 per cent for the three seasons 1914, 19I5isi 
1916. The close packing of the manure, the watering of the pile (awf 
repeatedly the water in basin) and the return of leached njateriaisia 
the manure tend to conserve the fertilising value of the njarure ss 
already explained. 

Chemical treatment of manure. — Athough there is a stroi^popyhr 
demand for some chemical which, if applied to the manure, will result e 
fiy prevention, the writer ie not enthusiastic about this method of ccs* 
trol for several reasons; first, this scheme may be used as a 8ri>slih!l« 
for the sound principle of sanitation, cleaning up and 1 

and second, oi 
ccssity for daily apphrs 
tJon, there will certaidri* 
ne^ect. 

Ordinary' applkaticu^ 
the usual insccticidcsfif^ 
little avail. The chesp^ 
and at the same ticie a? 
most effective prepawif 
must be used two to 

times asstrong 83 when5^ 

against other 
cause of the hardintis^ j 

. , . • . . 1 larvae, and furthenaore/ 

.• larvae cannot be 

' ' ' ■ ' “ ' ' easily, buried as th^ 

the bedding or manure. Broadly speaking, such chemicals may e ^ 
repellents to prevent fiies from laying eggs on the manure, 
sote oil; or they may be contact poisons, such as kerosene, 

Ume and borax; or they may be stomach poisons, for 
adults, such aa arsenite of sods. From the 

from their use in fly control, such chemicals should no i ^ 

of the manure as fertilizer. Furthermore, if poisons are use , 

may be dangerous to iivesloefc. , , y-jiigsieo 

Many chemicais have been tried by a aeore or ri .[|joniic»5! 
and several chemicals have been found which can be used 

““LmmendedhytheUuiiedStatesPc^^^^^^^^ 

toe at the rate of 0.62 pound to eight “““.ued the foB"'' 

the use of borax the New Jersey Experiment Station app 
ing method: 
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eggs from hatchlag, provided it is applied in solution, and the larvae and eggs 
come in contact mth it. It was figur^ out that the average output from one 
horse is one and one-half cubic feet of manure per day and that two and one- 
half gallons of water containing one and one-half ounces of borax should p'ene- 


had been soaked by rams, or when located m low wet areas, was difficult to treat, 
for it was next to impossible to make any additional water (by sprinkling) 
penetrate the wet manure When manure is in this condition, particularly in 
low wet areas, and contains numerous laiwae, it should be put on higher ground 
in order that it may dry out eomewhat; or a thick layer of gravel or cinders 
placed under the manure in vet low areas will help considerably. Manure 
treated with borax is detrimental to some plants when the manure is used as a 
fertiliser, but, as far as known, it wdl not injure plants provided one does not 
use over 15 tons of treated manure (not over one pound of borax for every 1C 
cubic feet) to tbe acre " 

Borsx is no excellent chemical to use on dirt stable floors, in privies, 
and on accumulations of fermenting matter which will not be used as 
fertiliser. 

lleMehore (the powdered roots of VerotTvm olbum and V. viride) is 
strongly recommended by the United States Department of Agriculture. 
U is used at the rale of one-half pound to 10 gallons of water, applied 
after stirring and standing 24 hours, to 10 cubic feet or 10 bushels of 
mnnurc. No injury to plants seems to result when treated manure has 
been used ns fcrtilirer “The only possible objection to the use of helle- 
bore seems to be the possibility of poisoning farm animals, as might 
happen if, for example, the barrel or tank in which the stock solution was 
prepared were left uncovered in on accessible place. It is quite safe to 
say that chickens will not be injured by pecking at hellebore-treated 
manure.” 

Creosote oil w-as used by the British during the World War in fiy- 
control operations both on manures and on dead bodies. It was used at 
the rate of one gallon to the ton of manure and opplied os n spray to each 
daily addition to the heap. It is said to be noninjurious to the fcrtiliring 
value of the manure, though this is doubtful. Creosote oil is also a good 
fly repellent when sprayed on beams, walls and floors of stables, or it 
may be applied to pieces of cloth and hung over entrances. It is said to 
have kept mess halls free from flie* for from six to ten days. 

Dust has considerable value in fly control. Tlie writer found that 
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very few flics bred in the manure from cavalo’ hordes on duiy slocgfit 
Mexican border during the Buramcr time, when the droppings vrsre tte* 
oughly mixed witii dust and disposed of in windrows a short dLstacc. 
from camp. 

Use of manure on lawns. — It frequently happens that ven'tali'i 
swarms of flics suddenly make their appearance on porches, trindiiT' 
and in the house for no obvious reason. This is frequently due to lit 
application of comparatively fresh manure to lawns. Suchmanusa 
commonly infested with full-gromi moggots or pupae which, ia shr 
days after the fertilizer has been applied, give rise to .a pest of file* It 
is, no doubt, wise to use old composted manure for tliis purpose or 

the manure to a thorough stcaraiDgordrejcIi 
■ ing with hot water at ISo'* F. (nearly boiHccl 

beforcapplyingittothclafl'n. 

Two objections are commonly raised 
this method of treatment, flrst, that the u-e 

bactcriaaredestroyed, i.e., the manure Duy 

rendered sterile; and second, that ail othsr «• 
sirabic constituenfa are leached out py 
- water. Not all of the useful bacteria, hy»* 

means, arc destroyed by the hot wW 

'i those romoiniag quickly multiply “ 

I ♦ ■ J render the manure ns good as eN’cr W 

rw. iJi.-Aa .ir.ct..» spect. In thosecond place, 

combination gnrbage can prcsciv'cd quite easily by pJacing . 

h" dJ 1 ‘ " bn » a shallow, tight box 

' used by plasterers for mWng mortar, a»d«M 

lug a spigot in a hole with plug Iroin which the leachings caa 
and used os liquid manure. . 

The above method is also useful to mushroom growe 
rotted manure in which certain species of fly larvae, im > 
occur in great numbers. in ct 

Hailroad cars laden with manure are “f*™ . “ilahss" 

communities and are responsible for swarms of ics. 
several oooasioas recommended that the periphery o ,.ith p** 

be subjected to a treatment of live steam from the locomotiv , 

results. , ;.,,r,rp.se(i 

Garbage cans.— The writer has been favorablj P 31 

type of combined garbage can and flytrap 
his permission a diagram is here given ( ig. ’ ■sfolloffsi 
explanation of it (see Nature and Culture, July, 1911). 

"The principle of operation is bX7ff5n^wSflyouttov»ri*' 
smell of food through any dark crack and, after feedin., 
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light. They enter the garbage can or other receptacle by smell, and attempt to 
leave by eight. It is necessary to have the cover about half an inch larger in 
diameter. Three pieces of sheet iron are soldered inside the rim, equidistant 
apart, to hold it up, a crack, and keep it spaced out from the nm of the can 
about one-fourth of an inch all around. In a swill barrel, nails may be driven 
into the nm and bent over to hold the cover properly, but direct light must not 
enter this crack. Cut a hole in the cover at least three inches m diameter and 
fasten the trap over this opening according to plain directions sent out with 
each trap. With everything in the way of waste food material put into this 
receptacle, you establish a ‘focus,’ a 'vacuum cleaner’ for flies, and properly 
managed this will prove e^tcrmmative.” 

Where ordinary garbage cans arc used, and certainly every house- 
hold should possess a garbage receptacle (hat can be tightly closed 
against flies (unless above plan is followed), it is strongly urged that 
all liquids be drained from the refuse before disposing of it and that the 
solids be wrapped in a newspaper before placing in the can. In this way 
fl}' breeding in garbage may be effectually prevented, and an act of 
mercy is done the scavenger and others as well. 

Garbage collection and disposal. — Not only must the garbage can 
and Its proper use be insisted upon in this connection, but also the proper 
collection of the garbage by the scavenger. Few eights are more disgust- 
ing than that of an open garbage wagon recking with its load of vile* 
smelling offal and swarming with (lies Municipal collection of garbage 
in properly constructed cily*owncd garbage wagons is the only solution 
of the present outrageous common system. 

No more sanitarj* way of disposing of garbage can be devised than 
that of incineration The garbage dump wifl always be a fly producer, 
particularly if it receives manures and moist offal. Garbage disposal is 
.a proper function of the s.anitnry engineer. 

City dumps. — City dumps arc very commonly the source of nu- 
merous flie«. Flies were noticeably abundant in and about NewTiort 
Now.a, Va , by May 1, 1918, and for (he week ending May 23 it was re- 
ported that the restaurants were scrioudy infested by them and they 
H cre numerous in all neighboring array camps. Comp Stuart particufarfy 
was well wntliin the range of flight of flies originating in and about the 
city, ns w ithm a di*l.'incc of one-half mile of this camp the city of New- 
port News maintained a scries of garbage dumps comprising a combined 
area of about five nerrs Tlie dump in the vicinity of the gashou'C ex- 
tended for a distance of about one long city block on lioth sides of the 
utrcet, nearly blocking it at several points. Near Boat Harbor the 
g-arbage extended to the street-ear track.*. Tlie "ga«hou*c" dump not 
only received dc.nd fi«h and all manner of perishable garbage, but nl*o 
all the night soil from city privies, intimated at 900 at the time by the 
United States Public IIf.iith Scn'ice Flies swarmed over all, and mag- 
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gota beyond calculation pervaded the mass. The stench was mdt- 
scribable. 

The situation was soon remedied by liberally applying cru<ie oi/viti 
spray pumps and setting fire to the dumps, which shrank little by little 
before the flames and fly breeding quickly ceased. Thereafter al) dump- 
ing of garbage was done at certain points and incineration became 
the rule. The United States Public Health Service as rapidly as 
possible furnished sanitary privies, and the night soil systemaiically 
collected was emptied into the sewer. 

Pig'geries. — ^While on military duty at the Port of Embarhlion, 
Newport News, Va., in 1918, the author observed a very severe outbreak 
of flies at the Embarkation Hospital. Although some fly breeding 
discovered in several of the corrals, this was relatively unimportant; tte 
real cause for the swarms of flies was discovered in a group of pigpens 
several hundred feet distant across an open narrow salt marsh. The 
owner of the swine collected the kitchen wastes, etc., from the hospital 
in such quantities that every available barrel, box, tub and pail 
full and literally running over with swill and similar garbage These 
numerous receptacles, both inside and out, and the troughs and filftrf 
the pens were Uierally infested with a creeping mass of maggots 
the owner of these numerous broods of flies had been enlightened as ^ 
the nature of the maggots, he consented to any means of control neces- 
sary. The epidemic of flies was quickly checked by a combinational 
two methods; first, a detail of oilers from the Malaria Drainage 
raent was ordered to tie piggery and liberal quantities of oil apph®“ 
to every receptacle, including tte ground beneath, and all the P«^' 
resulting in a great slaughter of maggo ts ; and secondly, numerous saucen 
containing a mixture of formaldehyde, canned milk and water (forma 
one pint, canned milk one can, sugar one pound, water three 
were placed fn front of fie wards with tie result that the ground m 
immediate vicinity of the saucers was soon black with dead flies- 
fly epidemic was quickly checked. This experience led ‘ j a 
survey of similar conditions, with the result that over 
found to be within a distance corresponding to about two city bloc 
easily within a half mile of Comp Stuart. These pens were all in anj' 
Bcribably filthy condition and literally alive with flies 

The addition of a small quantity of turpentine to the swj se 
repel flies to a certain extent and thus limits breeding; howev er, c 
has found that much of the fly breeding in piggeries is due to 
feed in general being pushed out of the troughs and accumu a 
them, thus forming an excellent fly pabulum, a mixture o 
slop and urine. The liberal use of concrete for floors, troi^ s 
lows and frequent flushing out with & hose wiii great y re oc 
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of flies uhich one nstially encounters at a piggery during the summer 
time. 

Dairies. — Tlio presence of numerous flics about the premises of a 
certified dairy, which upon inspection was found to be very clean and 
otherwise in excellent condition with no evident reason for the presence 
of the flies, was a matter of no small importance under the circumstances. 
The trouble was located in a field a few hundred feet from the dairy bam 
\\here numerous heaps of wasto brewer’s grain (used as cattle feed dur- 
ing late summer and autumn) had been hauled and dumped. Each heap 
was a veritable wriggling mass of houseflj' maggots. Liberal applications 
of fuel oil to the heaps soon destroyed the source, and further waste feed 
was spread out in a thin layer to facilitate rapid drj’ing and thus to 
defeat fly breeding. The epidemic of flies was soon brought under control. 
Fly breeding about dairies is frequently traceable to accumulations of 
waste feed about the troughs, the waste becoming mixed with feces and 
urine. Thus bad conditions may arise in spite of the proper disposal of 
manure. 

Lawn clippings, — Grass clippings from lawns around public build- 
ings arc often dumped in heaps near by. Hot weather soon produces a 
V ile-smelling, decomposing, hot mass of grass which is very attractive to 
flics and within a few days numerous maggots, particularly those of the 
housefly, may be found inhabiting the mass. Tims, again, in spile of the 
absence of manure and garbage there may be a veritable plogue of flies 
The method of control is obvious; namely, the clippings should be spread 
out tliinly in order to dr)* out, and they may then be burned or othciwise 
disposed of. 

Flics from septic tanks. — A smaller invasion of flics at one of the 
Embarkation Hospital wards noted obovc was traced to a near-by septic 
lank which was covered with a wood superstructure. Workmen in mak- 
ing certain changes had left two or three circular openings about sit or 
?c'cn inches in diameter. Numerous flies were coming and going through 
(hc'c apertures, and cxammafion of the fop sludge revealed countless 
rn.nggols and pupae on the surface where there was less moisture. Clos* 
mg tlic«c apertures and spraying the contents ns a matter of precaution 
in spots only ulicre the larvae and pupae occurred soon ended the 
trouble An examination of other septic tanks in other camps showed 
similar conditions, nherc poor construction of the wood superstructures 
left crevices and knotholes sihich provided a means of entrance and exit 
for flics 

Sewage treatment plants.— Flics of many species, notably the com- 
mon liou‘cfly and blon flies, m.ay l>r attracted to sewage treatment plants 
iK-e.au'o of odors, and often countJc*s numlnrs of (hesc flies originate in 
sludge l)e<Ji nl tlic end of Uie treatment process Tliere m.iy a!*o be much 
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fly breedinff in iret sludge when nppJicd to the soil as a fortilizer. The 
control ol the Jotter source may be sceamplishcd by deep plowing and 
of course, discontinuance of the use of wet sludge as a fertilizer. Dates' 
attention is given to proper sludge disposal fly breeding will prevail. 

Sewage treatment plants of modem construction do not as a rule 
breed flies. However, under nil circumstances raw sewage must not be 
accessible to flies because of possible portage of pathogenic organisms of 
fecal origin. Sewage-worlcs engineers suggest ibai fly breeding may be 
effectively prevented by quick drying of sludge. Chemical treatment 
of sludge is not generally favored, although spraying screenings with a 
solution made of one and a half pounds of pure carbolic acid and 40 


Fia 



22? — ^.-1 santtary prit} — frovk ^leir to Mt; rear end side view to Tig\jt. (After 
Stiles «nd Lumsden.) 


pounds of caustic soda in CO gallons of water has been effectively used b> 
stop fly breeding. _ . 

The sanitary privy. — In the absence of modem plumbing particular 
attention should be paid to the location and construction o! a boxpnvy 
with receptacle or dug pit. No doubt much typhoid fever, diarrhea and 
dysentery are traceable to insanitary privies. Two important matters are 
involved; namely, first, location so as to avert pollution of wells or oiner 
water supply; and second, constmetion so as to prevent flies from gam- 
ing access to the excreta and to insure privacy. _ 

A sanitary privy (Fig, 112) must meet the following ’ 

according to the United States Department of Agriculture (Farm 
Bulletin 463— Stiles and Lumsden): 
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“(1) Tlie excreta must not touch the groundj hence some kind of watertight 
receptacle (box, pail, tub, barrel, tank or vault) for the excreta must be used 
under the scat. (2) Domesticated animals must not have access to the night 
soil; therefore the pnvy should haii*e a trapdoor in the back to exclude them. 
(3) Flics and other insects must not have access to the excreta; therefore the 
entire prny must be made rigidly fiyproof, or some substance must be used in 
the receptacle to protect the contents from insects.” 

Where the excreta arc deposited in a pit or cesspool great care must be 
exercised in banking up around the outside of the building so as to pre- 
vent flics from gaining access to the pit. Furthermore, it may become 
ncccssarj’ to apply quantities of chloride of hmc, crude oil, kcro'cnc, 
or borax to the excreta at least twice a week during fly time. 

If the prii*)’ is built on skids or can bcothcruise c.asily moved, in addi- 
tion to tlie treatment mentioned aboi'c, the accumulated c.vereta should 
bo burned from time to time by adding blraw and crude oil and setting 
them aflame. If sufficient water is available, the country home should be 
provided witli modern sanitarj* plumbing, and a septic tank should be 
mstnllod to receive the sewage 

Flytraps. — Unless flytraps are used to capture the flics as they 
emerge from their breeding places, os already described, such measures 
arc ordinarily only excuses for failing to obscr%'c the more important 
cleanmg-up process; the entrapped flics have ordinarily .already had 
ample opportunity to carrj' filth and germs and deposit their eggs IIou - 
ever, traps may he useful adjuncts to other more permanent corrcctu'o 
measurcs—tho more flics captured and swatted, tlie belter — but the 
(rapping and swatting should begin early m the spring in order to capture 
the early flics which arc responsible for the later multiplied miliiotis of 
the same species 

Furthermore, flytraps may be attached to garbage cans (Fig. Ill), 
manure bin®, etc , as already described fo as to capture flics as they 
emerge from their breeding places. In the first case the *rap3 must be 
properly baited, while in the second ease the flics simply enter the traps, 
going from the d.ark bin or con to the aperture over which the trap is 
placed, i 0 , flics go toward the light. 

Many different styles of flytraps arc on the market and hoinem.nJc 
traps arc easily made, the principal factor i** the bait — no tr.ap will work 
unless it i^ properly baited 

It has been found that one of the most cffcctii e baits for hou«cflics is 
made of bkackstrap mol.a»scs, one part, mixed with thriv par(.s of wn(« r, 
nllowcd to st.'usd for two or three days Another atlractivo bait w jn.adc 
cf n mixture of bran, mn’hcd potntoc.% sugar, yeast and water, or rimjdy 
bran ma»h made quite thin with sour milk and sweetened «itl> brown 
sugar Stale beer, a mixture of sugar and vinegar and water, blooi 
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tankage, fish scraps, juice of crabs, etc., all have value as bait. Bait 
should be placed in large shallow pans and should be frequently renewed, 

Fly poisons.— There are many kinds of fly poisons in use, notably 
the proprietary cobalt and arsenical solutions. There is considerable 
danger in the use of many of these, as shown by numerous newspaper ac- 
counts reporting deaths of children traceable to drinking fly poisons, 
A very good substitute for such poisons is to be found in formaldehyde 
(formalin) . This cljemlcal may be purchased commercially in a 38 (o 40 
per cent solution and must be greatly diluted for use as a fly poison. 
The commercial 38 to 40 per centaolution is poisonous like wood alcohol, 
if taken internally, hence must be handled accordingly. However, when 
diluted to a strength of V/j to 2 per cent ready for use, it is comparatively 
safe. For liouseJiold use two or three feaspoon/uls of the concentrated 
(38 to 40 per cent) formaldehyde is used to a pint of a mixture of water 
and milk in about equal proportions (canned milk is cxceJJcnt and much 
less is necessary), with a small quantity of sugar or molasses added to 
sweeten. On o larger scale the quantities are as follows: formaldehyde, 
one pint; canned milk, one pint; sugar, one pound; water, three gallons. 

The preparation is used as follows: place a small piece of bread (or 
even a small sponge) in a shallow vessel, such as a saucer or tin plate, 
and pour over it enough of the mixture to saturate the bread and leave 
some of the liquid about in the plate. Then place the receptacle where 
there arc most flics. Flies which drink the solution are killed in the course 
of a few minutes and will bo found scattered about near by. The liquid 


must be replenished frequently. 

Sodium salicylate at the rate of three tablespoonfuls of the pure 
chemical (a powder) to a pint of water may be used in the same manner 


as the formaldehyde solution vntb etmilar good results. 

Sticky flypapers may be more of a nuisance than anything else, hut 
if properly handled serve a good purpose. A good plan is to ^ 
flypaper board. Take a one-half inch to seven-eighths inch 
by 14 inches Jong and nail a strip of two-inch light board along th« ^ 
inch edge so that it extends for a short distance on either side, producing 
an inverted letter T as viewed from the end. One-half inch from e 
upper edge of the board and near each end bore a hole, so as to suspen J 
by strings passed through the holes. Tack sheets of stickv 
both sides of the board, so that the drippings will fail vpon the iov 


Sticky flypaper may be made na follows, according to the 
state Board of Health: ‘'Take two pounds of rosm and ^ 

oil; heat together until it looks like wlaKCs. Take 
brush and smear while hot on airy kind of paper, an 


good." 
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Natural enemies. — ^The most important natural enemy of the house- 
fly is the fly fungus, Empusa muscae Cohn, first described by DcGecr in 
1872 (Howard), and rediscovered annually by enthusiastic human 
enemies of the housefly. During late summer and autumn and through- 
out the moist winter in California, dead flies arc frequently found cling- 
ing to curtains and walla; the abdomen is usually greatly distended, 
showing distinct bands due to the appearance of intersegrocntal tissue 
brought to view by tJic pressing apart of the darker segmental rings. 
The disease is commonly known as fly cholera. 

This fly fungus oripnates from spores which, when a fly is attacked, 
produce hyphac, thread-like processes which enter the body of the fly 
and develop a meshwork of threads, producing great distension of the 
fly’s abdomen. This mycelium later evidently sends out hyphac through 
the inlcrsegmcntal tissue, which hyphac then produce spores or conidia. 
■Hie spores arc then separated often with some force, and may produce 
a sort of "halo” about the now dead fly. Other flics thus become easily 
infected. The writer has lost experimental colonics of flics in great num- 
bers in this xvay in less than two weeks after the appearance of the 
disease. 

Another very common parasite of the fly is a red mite, Acarm mw 
carum Linn. Often several of these mites may be seen as liny red specks 
on the head, neck or thorax of the housefly. Occasionally they actually 
retard the fly in its flight. 

When rearing houseflies from pupae collected out of doors, one is 
frequently su^iriscd to find that 50 per cent or more give rise to a tiny 
dark metallic wasp which creeps out of the pupa ease through a minute 
hole. These are chatcidoid wasps, one species of nhich is known as 
Natonia brciacornij Gir. and Sand. 

While houseflies arc also attacked by various other natural enemies, 
such as spiders, robber flies, toads, liznrds.ctc., theirgcneralion does not 
seem to be greatly affected, and man must depend more and more on 
suppressing the breeding places of these pests or suffer the consequences. 



CHAPTER XVII 

BLOODSUCKING MUSCIDS 

{Tsetse Flies, Stoble FhVs, Horn Flies) 


OrTIEK DiFTERA — F AMILY MUSCIDAE 

A. Tsetse Flies 

Introduction. — The genus Gfosstna, which comprises the tsetse flies, 
was established in 1830 by Wiedemann^ and in the same year Robincan- 
Desvoidy described Glosstna palpalis. Bequaert' states that the Rord 
“tsetse” was introduced into the English language by R. Gordon Cam- 
ming in 1850 in,his“Fwn Yeats of a Hunter's Life in the Far Interiorof 
South Africa,” and David Livingstone in 1857 "focussed the attention of 
the scientific world upon the ravages of the fly.” 

That the tsetse flies enjoyed a wider distribution in geological times 
is evidenced by the fact that several very large species of fossil Olossina 
flics from the Miocene shales of Colorado have been described. Today 
the tsetse flies arc restricted to continental Africa south of the Tropic of 
Cancer except for one species, Glossina tachinoides Westwood, which is 
said to occur also in southwestern Arabia, thus exhibiting an example of 
discontinuous distribution. 

Tsetse flies (Fig, 113) of both sexes depend on blood for sustenance 
and feed on a wide variety of animals, although different preferences are 
shown by the different species of tsetses; while freely attacked, man 
is not considered to be a favored host. Glossina morsitans Westwood 
feeds mainly on game animals, the buffalo being highly favored, while 
Glossina palpalis (Robincau-Desvoidy) and G. tackinoides IV’estwaod 
favor reptiles, particularly crocodiles and monitor lizards. 

Students concerned with Isctee flies will consult such highly impor- 
tant works as Austen and Hegh* (1922), Newstead^ {1924.), 

(1929) and particularly Swynnerton* (1936), as well as the work o 
various other authors published in the several technical joumak 

General characteristics. — The tsetses are medium-sized to too er 
ately large flies, ranging in size from that of a housefly to that of a 
fly. The larvae are ready to pupate when bom. The flies are 
in color: the body is wasp'like and the wings when at rest 
scissora-like and extend well beyond the tip of the abdomen. e n 
320 
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venation is characteristic in that the fourth longitudinal vein 
bends suddenly upward before it meets the anterior transverse vein, 
which is very oblique (Fig. 58). 

The palpi are nearly as long as the proboscis which points bayonet- 
hke in front of the head. The antennal arista (Fig. 114) bears a scries 
of long bilaterally branched and regularly arranged hairs only on the 
upper surface. Grunberg ® attached taxonomic value to the aristal hairs. 



Flo pafpahi (toi>K Oloinna t^orttfant iloitooi) (After ^raftraH ) 

The mouth parts con'i't of the labium which cr5hc.athcs the two slender 
piercing stylets, the Inbrum'Cpiphar>*nx and the hypopliarynx A char- 
acteristic "onion-sliapcd” bulb is situated at the ba«e of the hau«tcnum 
(Fig 115) The proboscis when at rc«li* held liken bayonet at charge M 
in SfcrnoTi/s BotJi sexes are bloodsuckers 

Life history.— The female tset«e fly gives birth to full-gronn larwae 
which arc extruded singly at mtersals of about 10 to 12 days during the 
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Nabarro ’’ proved Glossina jyalpalis (R.-D.) to be tlic carrier hy feeding 
freshly caught flies ranging in number from 31 to 9 on a black-faced 
monkey daily, sometimes twice daily, beginning ^lay 13. Trj’panosomes 
were present in the blood Jfay 27. In 1903 Castellani reported tryji- 
anosomes in the cerebrospinal fluid of negroes in Uganda suffering from 
sleeping sickness. The trypanosomes found by Castellani were supposed 
to be a different species from that of Dutton [Trypanosoma gambiense 
Dutton) and were called T. vgandense Castellani, 1903. Kruse later gave 
to this trj'panosomc the name T. castellanii. The important discoveries 
of Dutton and Castellani were quickly confirmed by David Bruce, who 
found these trypanosomes 38 times out of 38 in the cerebrospinal fluid 
obtained by a lumbar puncture in natives of Uganda suffering from sleep- 
ing sickness, and 12 times out of 13 in the blood. According to the rules 
of priority applied to nomenclature, the last two specific names men- 
tioned must give way to Trypanosoma gambknsc Dutton. A second 
species of trypanosome producing sleeping sickness in Rhodesia, Nyasa- 
land, and adjoining territory was described in 1913 by Stephens and 
Fantham (loc. cit.) as T.rhodesknse. 

Sleeping sickness is rvidely distributed in Africa, c.vtcnding along the 
west coast from Senegal (in part) to Angola (in part) and eastward to 
the valley of the upper Nile. It has been estimated that between 1896 and 
1900 from 400,000 to 500,000 natives perished from this pestilence. Dut- 
ton and Todd found that in some villages from 30 per cent to 60 per cent 
of the population was infected. 

Age docs not affect the distribution of the malady, since children as 
young as eighteen months to two years have been known to be infected. 
Sex docs not influence the disease. Occupation and social position, how- 
ever, do show a marked influence. The great majority of the cases 
observed are among the agricultural and lower classes. 

There arc two distinct phases in sleeping sickness. During the firs 
phase, which may continue for many months, the trypanosomes are in t e 
blood, the trypanosomiasis stage; this is characterized by an irregu ar 
fever, glandular enlargement, debility, and languor. In the secon 
phase, the sleeping sickness stage, the trypanosomes are coi^tnntly foun^ 

* . . ■ ^ ‘ • , , 0 
‘ . . . ‘S 


of sleeping sickness recognized, the Gambian ana tne xuiouesiun. 
latter runs a more rapid course than the former. 

Transmmkn.-Tbe natives of French Guinea long f 
power of disseminating sleeping sickness to flies, and it had a rea y 
shown by Bruce that nagana, a disease of cattle r 

mitted by tsetse flies when Dutton and Todd studied the bi mg 
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Gambia. These investigators found that of the flies which bite man and 
animals, Tahanus dorsovittata Walker and Glossina (R.-D.) 

were the most important, the latter being very common in western Africa, 
where it abounds in the mangroves tihich line the rivers and n’ater banks 
during the warmer months w hen these insects are verj' troublesome. 

Experiments, however, made by these workers gave negative results. 
It was Bruce and his collaborators (loc. cit.) who subsequently went 
over the matter and sltowcd that Glassina palpalis (R.-D.) is the prin- 
cipal agent of transmission. 

Animal e.vpcr/mentation indicates that these flies can transmit the 
causative protozoon mechanically for a period of less than 48 hours, 
though the organisms become more and more attenuated after the fly has 
bitten the diseased individual and loses Us poncr of infection in less than 
48 hours. Thus the tsetse fly is a mechanical carrier for only a few hours 
during which time its soiled proboscis is involved, i.c., trypanosomes ore 
injected into the wound produced by the bile before the proboscis is 
cleaned. Mechanical transmission from roan to man in nature is believed 
to be verj’ uncommon, if it occurs at oil. 

Robertson ** reports that in the fly the t^'panosomes are first estab- 
h«hcd in the po«tcriof part of the mid-gut where multiplication occurs 
one] Irj'panosorncs of varying sizes ore produced. From the tenth or 
twelfth day onwards slender, long forms arc to be found in increasing 
numbers, llicso finally mo\e fornard to the pro^entriculus and are the 
dominant typo Tlic provcntriculu* becomes infected as a rule between 
liie twelfth and twentieth days Tlic salivary glands become infected by 
the slender proventrieulur types which reach the glands by way of the 
hy(Kjpharynx, arriving in the glands, they become attached to the w'all 
and fl'^urnc the crilhidial condition. Multiplication takes place and tiyp- 
anocomes arc formed which clo'cly resemble the blood type. The do. 
velopment in the salivarj’ glands takes from two to five day.s before the 
fonra arc infeefne. The fly is never infective until the glands arc 
invaded Tlie Irypanommcs are never attached to (he woU of the ah. 
mciitary canal, and there is no intracellular muUiplication in the gut 
ryolo. Mi«s HoberL'on's work was done with Trypanosoma gamUrnst 
Iititlon in G'fo^sino pafpofw <R -D ). The Sleeping Sickness Comtm**ion 
iins found that infcctivity !.a«tB at lca«t ninoty-six days. Tlic life of a 
h-m.nlo G palpalis (R *D ) in c.’iptivjly has liocn observed to be alxiut 
hitir and one-hnlf months 

Tlie problem of sleeping sifknf*^ is greatly complic.'ited in th.it many 
#I)orir« of game nnim-ils c* well as rqrfdes harlior the tiyp-ino'cmes ami 
thus fonr a« natural rr«enoirs of the infection. 

Gltyirnpalpaht iU -I)) iFig )13> is the roost jmport.snl s'cefor of 
Camhi.an sleeping sickness It cosers an enormous area in Africa, bat it 
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occurs chiefly in the Congo and in west Africa. It is usually found on the 
shores of rivers and lakes, but it may occur quite far back from them, and 
as Swynnerton points out, it requires a combination of several types of 
country one of which must be relatively massive wooding or thicket of 
more or less evergreen type. It lives mainly on reptiles, but can live on 
mammals as well. Man is not regarded as one of its favored hosts, 
although it will feed on him freely if sufficiently hungry. 

Glossina morsitans Westwood (Fig. 113) is a most efficient vector of 
both Rhodesian sleeping sickness of man and nagana of animals. It has 
a wide distribution in Africa; it is of importance in the Sudan, northern 
and southern Rhodesia, the Belgian Congo, and many other localities. 
This species requires “savanna of sufficient shade value, and with suffi- 
cient logs, rocks, or tree rot holes to form a good rest-haunt and breed- 
ing-ground, and relatively open glades or plains in which to hunt for its 
prey.” It is typically a “game fly,” but attacks human beings readily, 
hence is a most dangerous tsetse. 

Olossina swynnertoni Austen, like G. morsitans West., is a strong 
vector of both Rhodesian sleeping sickness and nagana. It is largely 
confined to the northern part of Tanganyika, according to Swynnerton, 
who describes it as “the fly of the driest and most open areas and appar- 
ently unable to inhabit the more mesophytic savannas. It breeds nor- 
mally in thicket, though rock suits it as well. . . .'It utilizes open spaces 
AS feeding grounds. ... It is primarily and essentially a ‘game’ fiy" R 
attacks human beings with readiness, and like Glossina morsitans West, 
is a very dangerous tsetse. 

Nagana. — Trypanosoma brucei PJimro. and Bradf. is the causative 
organism of nagana, early known as the fatal tsetse-fly disease of African 
horses, mules, and camels, less rapidly fatal to cattle, sheep, and dogs. 
Many other mammals are susceptible to the infection. Bruce (loc. cit.) 
found that many species of wild game animals harbor the trypanosome 
and thus form reservoirs. The disease is characterized by progressive 
emaciation, fever, edema of the abdomen and genitalia and marked 
depression. The trypanosomes are found in the blood and espe- 
cially the lymph-gland swellings from the beginning of the first 
symptoms. _ . . 

Glossina 7 norsitans West., G longipalpis (Wied.), G. pallidipes Aus- 
ten, G. tachinoides West., and G. austeni Newstead, relate to 
mission in practically the same way that Glossina palpalis (R.-Dd 
other Glossina flies relate to sleeping sickness of man, i.e., the flies are 
infective for a day or two after feecUng on an infected animal, then ^ 
come non-infective for a period of about three weeks when they 
become infective, remaining so for the rest of life. The incuba ion pen 
after inoculation into the body of the host is said to be about ten da>s. 
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Tsetse fly control. — Since tlie iscnwrable discoveries of Bruce and 
others that tsetse flies are responsible for the transmission of nagana and 
sleeping sicimess, few insects have been so minutely studied by the most 
capable investigators. The practical and extended control of breeding 
places offers serious diSicuUics ; not the least of these being the fact that 
the larvae are retained within the body of the female, hence are not 
directly dependent upon an external food supply. The monumental work 
of the late C. F. M. Swynnerlon gives ample testimony to the tremendous 
ramifications of the tsetse fly control problem. Among the many possible 
modes of attack there arc the following: (a) direct attack, involving the 
use of flytraps; the direct effect of temperature and moisture on pupae; 
the use of natural enemies, etc.; (b) indirect attack by modifleation of 
cover, reducing or expelling game animals, thus depriving the flies of food 
supply; fly barriers by setting up clearings or thickets according to the 
species of fly to be dealt with; reclamation and appropriate agricultural 
practice. 

Because of the wide divergence in the ecological requirements of the 
several important species of tscUc flics, the utilization of appropriate 
control measures is a matter of long and tedious investigation. 

Classification.—Ncwstcad {loc. cit.) recognizes twenty species, one 
subspecies and five varieties belonging to the genus Crloszma. These be 
divides into three groups, (1) the /usca group, which includes the ten 
largest species, viz , O’fossino brcmpcfpis Kcwstcad, G. }uicc (Walker), 
O'. Jusea var. conpolcnsw Ncwsl. and Evans, 0. fuscipleum Aust., O. 
Aomnptom Newst. and Evans, 0. fonpipcnnw Corti, G. medicorvm Aust., 
O. niQrofusca Newst,, 0. acAiccfzt Newst. and Evans, 0. sevenm' Newst, 
and 0. tobani/ormis West. ; (2) the paipolts group, which includes Glos- 
sxT)Q caltginea Aust., 0. palhcera Bigot, O. palpolia (Rob.-Desv.) and 
two varieties, var. u*c/fmonj Austen and var. macuhta Newst., also one 
subspecies O. pofpofis subspecies fuscipcs Newst., and O. tachinoidca 
West.; (3) the morsUam group, which comprises Gloanna longipalpia 
( B’led.), G. mersilans West., O. moraitam var. pallida Shire,, G. mortt- 
tam var. paradoTa Shire., 0. tubmorntans Newst., 0. poflidipcs Aust., 
O. airyrmertoru Aust., and G auilem Newst. 

B. Stomoxts Flies 
Family Sfutadae, Genua Stomoxya 

General characterisiics.— 'Owing to eimiUrity in color and size tlic 
stomoxys fly often mistaken for the common hau*cGy .t/usco domeaUr^ 
Unn Ilowcvcr, the former is more robu«t with broader abdomen. In 
color U U brownish pray with a grrenwh yellow sheen; the outer of tlic 
four longitudinal thoracic stripes are broken and tijc abdomen Is more or 
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less checkered. The wings when «l rest are widely f-ineftd apart at the 
lipa, arc distinctly iridescent and the apical celi is open. ‘SVhen resting 
the fly has ita head thrown well up and the wings slope decidedly toward 
the surface upon which it has ECttlcd. Tlie proboscis protrudes bayonet- 
like in front of the head. The antennal aristae, unlike those of the house- 
fly, bearsctac on the upper aide only. Siomozyscalcitrans (Linn.) enjoys 
practically a world-wide distribution. 

Habits.— Although the atomoxya fly, Stomozi/s calcitram (Linn.), is 
commonly called the “stable fly," it occurs much Jess abundantly (is 



often absent) about stables than docs the housefly. It is also called ^ 
“biting housefly," since it may occur indoors, especially in the aut;^ 
and during rainy weather, and bites human beings viciously. The p 
mo.vys fly is typically an out-of-door fly and is usually to be foun i 
abundance during summer and autumn where domesticated 
occur, especially cattle. Its occurrence around stables is for feeding p 
poses, i.e., sucking blood from cattle, horses, and other animals, o 
fences, walls, light-colored canvas coverings and light objects 
when in the proximity of cattle are abundantly frequented fay s om 
flies. 
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The storaoxys fly is a vicious *'bitcr,” draws blood quickly and fills 
up to full capacity in from three to four minutes if undisturbed, but 
ordinarily even when undisturbed changes position frequently or flics to 
another animal, where the meal is continued. Tliis fly feeds readily on 
many species of warm-blooded animals, for example, rats, guinea pigs, 
rabbits, monkeys, cattle, horses and mao. Both sexes ore bloodsucking. 
The flight of the storooxys fly is direct and swift. 

Breeding habits and life history. — Although the slomoxj's fly can 
successfully be reared in the manures of horses, cattle, sheep, etc., it may 
be safely said that it docs not breed commonly in excrement under field 
conditions unless well mixed with straw or hay. Very good breeding 
places arc afforded by the leftover hay, alfalfa or grain, in the bottoms 
of, or underneath out-of-door feed racks (Fig. 117) in connection with 
dairies. This material becomes sogg>* and ferments, and here practically 
pure cultures of stomoxj's larvae may be found. The material must be 
moist; dryness prc%'ents development. Piles of moist fermenting weeds 
and lawn cuttings also furnish fairly good brceiling material. Piles of 
decaying onions have been found by the writer lo Jiarbor myri-ads of 
lan'ac late in autumn. Old straw piles that remain in the field in all 
weather may produce an abundanceof stable flics in the moist fermenting 
straw near the ground, particularly if cattle have access to the straw and 
moisten it with urine. 

The larvae of alotnoxj’s and of the housefly can readily he dlffcrcn* 
tinted by tlic form, size and position of the posterior spiracles, otherwise 
they resemble each other closely. The pair of posterior spiracles of the 
6loraox5*s laira arc roughly triangular, widely separated and situated 
near the peripherj', while in the housefly lan'a they arc elliptical, quite 
large, close together and more central In position. (Fig. 122.) 

The eggs of the etotnoxj’s fly arc about I mm. long, cur%'cd on one side, 
straight and grooved on the opposite side. In depositing her eggs the 
fcro.nle fly often crawls far into the loose malcrinl, placing them 
usually in little pockets in small numbera, often in pairs. Egg depositions 
range in number from 23 to 102, usually between 25 and 50, and there are 
ordinarily four or five layings. Maync (Milzmain has found in his 
ob'civations made in the Philippine Islands that the maximum number 
of eggs produced by a single stomox>'s is C32 and possibly 820, and that 
tlicrc may be as many os twenty depositions during the lifetime of Die 
female. 

Tlic incubation period varies from two lo five days, commonly three 
days, at a temperature of 20* C. Higher lemperaturrs result in a shorter 
incubation period. The newly hatched larvae burj’ thcm'elvc* in their 
f<yvl fti once, thus protecting UieraMvca against light and drj-nt-'« At a 
trmi'cmtureof from 21® to 20* C.* the larvae reach full growtli m from 
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14 to 26 days. Mayne found that the larval stage averaged 12 days at a 
room temperature of 30° to 31® C. 

Before pupation the larvae usually crawl into the drier layers of the 
breeding material, where the chealnut-colored pupae are often found in 
enormous numbers. The pupae are from 6 to 7 mm. long and may be 
recognized by the posterior spiracles as in the larva. The pupal period 
also varies, dependent largely on temperature. At a temperature of from 
21° to 26° C., this period varies from 6 to 26 days, with the greatest fre- 
quency between 9 days and 13 days. 

At an average temperature of 29° C., Mayne found the pupal period 
to average five days. 

If not handicapped, the imago emerges with astonishing rapidity, 
crawls away, unfolds its wings and is ready to fly away in less than hall 
an hour. The fact that the proboscis is temporarily attached beneath the 
thorax gives the newly emerged insect a very peculiar appearance, and it 
may then be easily mistaken for a housefly. 



Flo 118 — Showing the life history of the stable fly, Stomufi/s calcitrant. 

{Photo by H. F. Gr^y ) X 2. 

Summarizing the life history of the etorooxys fly (Fig- 118) it may 
be said that at a temperature of 21® to 26® 0., the shortest periods arer 
egg, 2 days; larva, 14 days; pupa, 6 days; total, 22 days; the over-. 
age, egg, 3 days; larva, 15 days; pupa, 10 days; total, 28 days; me 
maanmum, egg, 5 days; larva, 26 days; pupa, 26 days; total, 57 days- 
The total time at 21® C., from the laying of the egg to the emergence o 
the adults, was from 33 days to 36 days as observed in flve indmdusi 
cases. Mayne reports the development of this fly in 12 days xm 
optimum conditions. , . 

Copulation takes place within a week and egg deposition be^s 
about 18 days after emergence from the pupa cases at a ° 

from 21® to 26® C. Higher temperatures undoubtedly decrease thJs tun • 
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Longevity. — ^With approximately 4,000 flies under continuous daily 
observation in glass quart jars, 60 flies to n set, the writer has found that 
the average length of life of the 8toniox>*8 fly under favorable laboratory 
conditions of feeding (i.e., daily feedings on monkeys or rabbits) is about 
20 days. The maximum life under these conditions was found to be 69 
days and several hours — obseni'cd in a female. 

Majme has found the maximum for a female fly to be 72 days and for 
the male 94 days. 

The writer has observed that a set of flics which fed only on sugar 
n-ater deposited no eggs, although many of them lived 20 days or longer, 
while control flies fed on blood did lay eggs. Hence it seems apparent 
that the flics must have blood in order to develop eggs. 

As B cattle pest. — Bishopp regards this fly as one of the most im- 
portant sources of annoyance to livestock. Injury is brought about in 
various ways, eg. worry due to the attacks of myriads of flies; loss of 
blood; loss of flesh; bringing on of attacks of acute Texas fever if the 
cattle are already parasitired, etc. 

Freeborn, Regan and Folgcr ha%*e shown that the reduction in milk 
production caused by the stable fly amounted to 9 20 per cent, which for 
a five months’ period meant a loss of 60 gallons of milk, amounting to ten 
dollars per cow per season. The total loss occasioned by the three dairy 
cattle pests, hou«cflie8, stable flies and horseflies, amounted to 14 per cent. 

PoHomyelitia.— The possibility of insect transmbsion of infantile 
paralysis has long been rceognired. but never s.at isfacforily proved. The 
following is quoted from a report of Rosenau’s work in the Journal of the 
American Medical Association fVol LIX, 1912, No 14, p 1314) under 
"Proceedings of the International Congress on Hygiene and Demog- 
raphy.” 

"When I first began to study ihedwa.v', I Tegardcd it probably as one which 
IS spread by direct conUupon. by contact, cither directly or indirectly, from 
person to person. TJie first circumstance irlurh ehoolt my faith that we were 
dwling with a conlacious dlfcaw was the fact that we had eighteen nejatiie 
results in attempting to prove the presence of the virus in the scerrtions from 
the nose and ihrrrti I could not help vktng at the lime if it were not pofriUe 
to find the vim% which is to potent, lo the secretions of the nose and throat of 
persons who h-sve the di'eare and those who are cenv.\Iese5nR from the disease. 
These results were eonfinnfd at the ssme time by Btraaw, of New York, who 
hsd nepnlive results in a Urj^n smes and by Neustardter'a rteenl rwults arxl 
by other results, all of the examinations baiinc proven nepslive one 

recenUy reported by Khne, ratterron and bit aseoeules at this eonerras and 
in the blerature reernUy. 

"A ^roml fifn 2 fn.*tan« which led roe to believe we were not dcahnjr wnh a 
eontsipous d«ra.«c w^* the fact brtvichl o*it by l>r 7liehard*on Children in 
all «laj;r9 of this di.«ea.«<* wrre crowd's! into achoolt, iiwtilutiont, tenemrol dt^- 
tnetJ and cif.er where there wat escry chmee for the spread of the di»- 
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case, but it did not spread there, but it continued to spread in the rural, thinly 
scattered districts Micrc one would not expect to find contagious diseasev There 
^\•as a resemblance to rabies. All those who have worked with vims ia 
laboratories were at once struck with the resemblance between poliomyelitis 
and rabies. The latter beinff a wound infection, there is some analogy between 
It and poliomyelitis, and poliomyelitis might be transmitted through some sort 
of wound. I was fortunate enough to h.ave had experience with yellow fever, 
botli in the investigation of it and the sanitary measures against it, before the 
nio.«Quito period, and I w-as much struck with many analogies which came to me 
bcluecn that disease and certain fe.ituro3 of poliomyelitis. 

'•The work I bring to your attention consisted of taking a number of flics 
— Stomoxys cakitrana — caught in .a net and bred for the purpose; you can catch 
seven! Juindrod of these flics in a BtaUe in a very short time. We placed these 
fiic-5 m a large e.igo and e.xposc<l monkc3-s to their bites, the monkeys having been 
purposely infected with the virus of poliomyelitis Care was taken to place 
the monkeys in the rages in all ghages of the disease, before and after. In fact, a 
monkey would be exposed to the bites of the flies on the game day he nas 
infected, so that the flies could dnnk the blood of the monkey during all stages 
of the period of incubation of the disease, for wc do not yet know in what stage 
of the infection the virus appears in the blood at its maximum, or the best 
period for infecting these flics. Following this wc exposed healthy monkeys to 
the bites of the same flies, and after scvcr.d weeks’ time tliese healthy mo^^'s 
came down with a di.«oase which in all essential respects resembles anterior 
poliomyelitis. Out of twelve healthy monkeys so exposed, six of (hem now have 
‘■ymptoms of the disease, three of them In the virulent form. Of the other three 
monkeys, two arc coming down, but one sccras to liavc a milder infection than 
the other. Tins mild infection consists of trembling and we.ikness of the hand, 
and some weakness of (he jaw which lasted about a week or so and then passed 
.away, Wc cannot be sure whether that is true poliomyelitis or not until tie 
arc able to test the monkey subseriucntly. It it ncrc poliomyelitis, that monkey 
would be 'immune.' In three of the six cases that came down with the dbcase, 
having been bitten by flies, (here was some diarrhea. The disease in the monkey 
rc'cmbles more closely that which wc sec m children, rather th.an the disease we 
produce purposely expcnmciUally by bringing the virus in direct association 
with the central nervous system. Of course, that may be only a coincidence, but 
It IS interesting." 

'The work of Rosenau was repeated and confirmed during October, 
1912, by Anderson and Frost who summarize as follows: “Three 
monkeys exposed daily to the bite of several hundred stoinoxys, which 
at the same time were allowed doily to bite two intraccrebrally inoculated 
monkeys, developed quite typical symptoms of poliomyelitis eight, seven 
and nine days from the date of their first exposure." 

Itv order to verify the findings of the above investigators and to secure 
further biological exudcnce, if possible, the author in cooperation wi 
Dr. W. A. Sawyer,*® undertook a special investigation of the problem, 
beginning in October, 1912. Believing it unwise to use flics collected out 
of doors, these insects w’ere reared for the purpose in an insectary. ^ 
importance of this precaution is made evident by the fact that flies cap 
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lured out of door.« in Berkeley ^ere rfiown to transmit n pathogenic 
organism to a rabbit, infection undoubtedly having been acquired in 
nature. This infection, resulting in abscess, was successfully transmitted 
from rabbit to rabbit through the agency of the stomoxj's fly. 

"In Rosenau’s announcement he stated that the monkej'S showed sjTnptoms 
of poliomyelitb several weeks after the flies, which were biting them frequently, 
had had their first opportunity to receive infection from sick monkeys. This 
would allow abundant time for a definite biological change in the aims, pre- 
paring It, during the incubation in the fly aa intermediate host, for successful 
inoculat'ion into the warm-blooded moiikey. Such a process seemed not an 
improbable e-Tplanation of the results when we considered that Rosenau was 
dealing with a blood-sucking insect and a disease in which the blood had been 
ehorni to have verj* low infectinty on direct inoculation. The sjmptoms of 
poliomyelitis in the experiments of Anderson and Frost appeared so soon after 
the first possible transference of infectious material that in all probability the 
process consisted of a mechanical transference of blood or other infectious mate- 
rial taken up by the flies while repeatedly piercing the skin. The extreme short- 
ness of time available, in their experiments, for incubation of the nrus in the 
fly is apparent when we consider that, in the intera'al of nine or ten days, we 
must allow also for the development of the»vinis in the original inoculated 
monkeys and for the incubation period in the monkej-s infected by the flies ” 
(Sawyer and Henna, loc. cit ) 

Assuming the accuracy of the work of Rosenau and Anderson and 
Frost, it seemed ad%isable to plan the cxpcriraenlfi so as to secure, if 
possible, an answer sooner or later to each of the following questions: 

1. Is the stomoxj-s fly merely a roccbanica! carrier of poliomyelitis or is it 
an intermediary host? 

2 If It IS an intcfrocdiatc host how much time must elapse after biting before 
It can infect another animal? 

3 How long docs the fly remain infcctne? 

4. IIow soon afirr infection docs the experimental animal become infcclive to 
the fly and how long docs the animal rcnuin infective to the fly? 

5 Docs the seventy of the infection increase with the number of bites of 
the fly? 

C What is the percentage of infected flies in nature? 

7. Do other biting in.<cct3 carry this disease? 

8 Can other animils be inoculated by the storooxy'S fly and eenc as carriers 
or receptacles of the di«e.iw*, ^4:, chickens, rabbits, guine.i pig', raL«, mice, 
pigs, dog*, c.at.«, horses and catllcT 

9 iVbat arc the Iwi racthoils (o extenmnste the rtemorys fly? 

10 MTial precautions are rece*^.ary to prevent the existing flies from coming 

in conl,ne{ with infectious pitients and carrjirg the to ether ladi- 

viduaJs? 

A series of seven CTp^rimcnta w.as conducted covering n period of 
.nltoul nine months and inv oh ing the u*r of fttmul four thou«.ar.d lalior.a- 
fory-rcaml a large r.umlicr of monkrj*, rabbit* and other rodents. 
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The experiments were carefully planned and eveiy precaution was taken 
to bring about accurate results. In the first experiment approximately 
1,750 Ohs were used, applying these to the animals in bobbinet-coveted 
glass jars (quarts), 50 flies to a set (Fig. 119), A rhesus monkey was 
inoculated intracerebrally with 2 e.c, o! a suspension oIFlexner virus, and 
the first set of flies was placed on this animal immediately after inocula- 
tion and after ten minutes’ feeding transferred to a healthy monkey. The 
next day new sets of flies were used and again transferred to the same 
monkey, and those flies which had bitten the sick monkey on the previous 
day (24 hours ago) were placed to bite another unused monkey. In this 
way new flies were used each day and transferred immediately to the first 



Fzo lie.— Showing jar method of feeding stomoara fiiea on monkeya. The jaw aw 
covered trith bobbiaet ao<J witb adbeoive piaster Tbe fliea thrust their p 

boffcides through the meshes *nd thus come iB contaet with the nsonkes’. 


healthy monkey; thus this animal always received files that had 
the first time on the sick monkey and transferred immediately, 
second healthy monkey always received Bies supposed to hold 
for 24 hours ; the third animal, flics of 48 hours’ standing; the foi^ sn^- 
ms], flies of 4 days; the fifth animah flies of 9 days; sixth ani- 
mal, flies of 17 days; the seventh, flies of 30 days; and the eighth receive 
daily all the survivors of the entim series until all the fli^s wer 

Between monkey feedings until the last animal was 
were kept alive by allowing them to feed on rabbits ^ ’ 

new rabbit being used each time. The rabbits remained 

In the above experizneat a» the monkeys remained healthy P 
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two; namely, the first one which received the virus, and that animal 
died on the fourth day of typical poliomyelitis, and the seventh animal, 
which died of acute pneumonia. 

Except in cases of immediate transfer when only ten minutes of feed- 
ing was permitted, the flics were given ample opportunity to feed until 
satisfied (normally from 20 to 30 minutes) and ordinarily the flics fed 
well. 

In the second experiment an immobnized inoculated monkey was 
placed in a screened fly cage (ID" x 28" 1 18") with 500 stomoxj’s flics. 
This animal remained in the cage with the flics for two hours, after which 
it was removed and a healthy monkey substituted (also immobilized). 
The second animal remained in the cage with the flics also for a period 
of two hours. This was repeated daily until the inoculated monkey 
died of poliomyelitis, after which the healthy animal was returned 
to the cage daily until all the flics were dead. The results proved 
negative. 

In the third experiment the flics in |are a.s before to the number of 
about GOO were kept continuously under higher temperatures in the 
inscctary— temperature ranging from 23® to 2G® C. 17)6 flics were ap- 
plied for tlircc minutes to the belly and chest of a diseased (poliomyelitis) 
monkey and then three minutes to the belly, chest and face of a healthy 
monkey, and thus exchanged back and forth at three-minute intervals 
until all flies had had a good chance to feed daily. After the death of the 
diseased monkey tlic flies were fed daily on the healthy monkey until 
all tJie flics were dead. The results were negative. 

In the next experiment a fly filtrate, made of flies 1 ^^lich had one hour 
previously fed on a rnonkey at the height of the di5CQ.«!c, was inoculated, 
intraccrcbrnlly, into a healthy monkey with negative results. A filtrate 
made from flies having fo<l four days previously also gave negative 
Ttflulle. 

In the fifth cxi>criment large numbers of flies were applied daily at 
Ihrec-minutc intervals between a poliomyelitis monkey and two healthy 
monkeys and continued daily on the latter after the diseased monkey 
died. The results were negative fix before. 

It was thought tJiftl pwibly the results of the previous investigatora 
had been due to the access of tlic flics to infectious material on Uie surfaces 
of Uic dl«ca?r<l monkeys and about their body orifiees, hence a parallel 
experiment to the one alxivc cited wat undertaken with the difTcrcncc 
thattlie abdomen and chest of Uie dbensed monkey were painted, Iwfore 
the fly feeding*, with a mixture o! h'ls saliva, his feces, and (late in Oie 
di*eA«e) 111* na«al washings in phj*p>oJogtenl salt solution. Even so the 
rreullB were negative I/nfer, after the dratli of Uie dt'eased monkey, an 
emulsion of the highly infectious brain tissue was used in place of Die 
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mixture of feces, saliva and nasal secretions. The brain emulsion was 
painted on a normal monkey after which flies were applied and trans- 
ferred as before to two other normal monkeys, all remaining well. Polio- 
myelitis bad not been produced in a well monkey by stable flies even 
when they had to drive (heir proboscides through a layer of highly infec- 
tious brain tissue in order to pierce the skin, and the same flies did not 
transmit the disease on subsequent bitings of two other monkeys, 

Conchmons . — ^From the nbovc-cilcd experiments the following con- 
clusions ucre drawn; 


1. In .a forios of seven rxiirrimenis in tthicli the cojuhtioiis acre v.^nwl we 
were unable to transmit poliomyelitis from monkey to monkey through the 
agency of the stable fly. 

2. Furtlicr experimenls may reveal conditions under which the stable fly 
can readily transfer pohomyehtis, but the negative results of our work .and of 
the second set of experiments of Anderson and Frost (he. eh.) lead us to doubt 
that the fly is the usual agent in spreading the disease in nature. 

3 On the basis of the evidence now at hand u e should continue to isolate 
persons sick with pohom^-ehtis or convafesernt, and n c should a ttempt to limit 
the formation of hum.an carriers and to detect and control them. Screening of 
sick rooms against the stable fly and other flying insects is a precaution which 
should be added to those directed against contact mfoction, but not substituted 
for them. 

4. The mea.5urcs used in suppresring the housefly arc not wholly applicable 
to the control of the stable fly orving to its diflerent breeding habits .and food 
supply. 


Control of stable By . — The more important breeding places of the 
stomoxys can be controlled by removing moist feed wastes from feeding 
troughs and from feed lots, stalls, stables, etc., and scattering the wastes 
to hasten drj’fng. Afofsturc is necessary for the development of the 
larvae, therefore dry material is not suitable. Weeds, lawn cuttings, 
decaying onions, vegetation washed up on lake shores, etc., must not be 
accumulated in piles long enough to ferment and decay. 

Bishopp floe, cit.) has shown that loosely piled straw stacks (oats 
and wheat) arc important breeding places of the stomoxys fly, ® 
recommends "that the straw for feeding and bedding purposes be ba e 
and stored under cover. Wlierc this is not practicable the stacks s lou 
be rounded up so as to make the top largely rain proof and the cs 


nearly vertical.” 

Cattle By sprays.-— Sprays to protect cattle against fly 
generally consist of a petroleum oil base, with w’hich is incorpora e so 
toxic ingredient as pyrethrura and rotenone and a repellent sue ^ 
oil. Freeborn, Regan and Berry have devised the 

for fly spray, stating that these emulsions equal or exec tie e e 

of commercial fly sprays. The formulae arc; 
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Formula 1. 

Petroleum oil 84 cc. 

Uimjlfonalcd residue 90 

\^scosily 97 

Pyrethrum extract (19-1) 43 cc. 

Pjne oil, steam distilled 4Scc. 

Sp. Gr 9377 

B P 194-217 

Color • . 1 NPA 

Tricthanolaramc olcate lOcms 

Water .. 100 cc. 


Dilute one part of this stock emulsion with four and one-third parts 


of water. 

Formula 2. 

Petroleum oil t|f as above) 50 cc 

Pine oil (as above) 50 cc. 

Pyrethrum extract (as above) 50 cc. 

Diglycol olcatc SSSec 


Dilute slowly with eight parts of water, agitating vigoroudy 


Tlic rolo of pme oil in cattle fly spra)!! has been studied by Pearson,** 
who reports tliat “pine oil incrcasca (acUvates) the to-xicity of pyrethrum 
extract, in relation to the amount added. The toxicity of a 1 jiound per 
gallon pyrethrum spray may be mainlaiocd by substituting 10, 15, or 23 
per cent pine oil for Vi, or pound piTcthrum, respectively. The 
effect of pine oil upon the toxicity of rotenone and derris c.xtract is 
similar. 

“Pine oil increases tiie rcpcllcnce of pyTctlirum extract in relation 
to the amount added. The rcpcKcncc of a one pound per gaUon pyreth- 
mm spray may be maintained by eubsliluling JO or 15 per cent pine 
oil for Vi Of Vj pound pjTCthrum, respectively. Pino oil incrc.i«cs the 
rcpellcncc of dems extract in relation to the amount added, but not at ns 
great a rate ns that of pyrclhmm extract.” 


C. Thk Horn Ttv 

Favuly ,Uu«ci{/or, Grni« nQtmalolifi 

Introduction. — JIacmatobia tcrrala H.-D. {Li/pcrosia imton t ( L) ) 
is common}}' enUed Oic horn Hy, obo known as the Texas fly The 
former name is applied bcca«»r this fly has the h.abil of clustering, often 
in great numbers, at the ba«c of tlic horns of cattle. Tliough m.sny belie; o 
Uic fly to injure the horn, there is no foundation for this belief. Tlic 
position is probably only fought because it nfford* a rafe resting pber. 
r«prciallyatnlg!it, 

A* n c.atUc pest the horn fly hw fen if nny rrju.sls; indeed, in tlir 
F.nn Jo-aquin Valley (Caltfomli) tin* fly i« rcganlej ns the nio^l rerious 
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pest. The horn fly is a comparatively recent’ introduction into the 
United States from Europe, where it has been an important cattle pest 
for many years. According to the U. S. Bureau of Entomology it was 
first reported in the fall of 1887 from Camden, N. J., appearing during the 
following year in Maryland and Virginia, probably having appeared in 
Philadelphia in 1886, and by 1892 was found over the entire continent 
from Canada to Texas and from Massachusetts to the Rocky Mountains. 
California cattle men state that it made its appearance in this state in 
about 1898-1894. It appeared in Honolulu, Hawaii, in 1897. 

Characteristics. — The horn fly is about half the size of the common 
housefly, i.e., about 4 mm. long. It has much the same color and in most 
other respects resembles the stomoi^s fly. The mouth parts (Fig. 120) 
are as in stomoxys except that the labium is relatively heavier and the 
palpi, almost as long as the proboscis, are flattened and loosely en- 
shcath Uie same. The arista is plumose dorsally. 
The wing venation is as in stomoxys. 

These flies appear early in spring and become 
most abundant in late summer and autumn. Both 
cattle and horses are attacked, but most especially 
the former. When at rest on the animal or else- 
where the wings lie flat on the back and fold rather 
closely, but when the fly bites, the wings are spread 
and the insect stands perpendicularly, almost 
hidden between the hairs of the host. Apparently 
the habit of resting at the base of the horns is only 
developed when flies are over-abundant. 

Life history. — The horn fly deposits ita eggs 
chiefly, if not exclusively, on freshly passed 
cow manure. The fly is seen to dart from the 
animal and deposits its eggs in groups ol four to seven, or singly, on the 
surface of the dung. The eggs are relatively large (1.3to lilmm.),la^ 
than the eggs of stomoxys; they are reddish brown in color, hence no 
easily seen on the cow dung. Under laboratory conditions, at least, ew 
eggs are deposited by the females — ^rarely over twenty. At a tempera ure 
of 24® to 26® C., the eggs hatch in 24 hours. 

The larvae burrow beneath the surface of the droppings, 
full growth in from three to five days when they crawl underneath mt 
drier parts and pupate. The pupal period requires from six to eight da^ 

Hence the entire life history (Fig. 121) fromtheeggtotheadultrequins 

from 10 to 11 days at a temperature of from 24® to 26® C. 

Damage done.— The damage occasioned by tte horn fly “ . 

through irritation and annoyance which rrauHs in 
and disturbed feeding, thus producing loss of flesh an uc 



Fio 120 — Side view 
of head of the bom &y, 
Ilaematohia serrata 
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in dairy animals. Dr. James Fletcher estimated the loss in Ontario and 
Quebec at one-half of the product of meat and milk. Range animals 
literally nm themselves thin in trjdng to get fln*ay from these peats. 

The actual loss of blood must be considerable when literally thou- 
sands of these flies attack an animal The weakened condition tlius pro- 
duced lays the animal open to .disease. From 10 to 25 minutes are re- 
quired for the fly to fully engorge itself; during this time the fly with- 
draws and reinserts its proboscis in the same puncture many times os in 
a pumping motion. Much undigested blood b discharged from the anus 
of the fly while in the act of feeding. 

Control. — ^The most effective mcthod*(o prevent the multiplication 
of the horn fly is to scatter the droppings from cattle n ith a rake or other 
implements or simply by dragging o branch of a tree over the field. Hogs 
allowed to run with the cattle sen-e this purpose vciy well. The manure 



thus scattered dries out quickly and the larvae if present perish owing 
to the fact that they require much mobturc for dcvclopracnl. The writer 
has seen this method applied most sucecssfully in various parts of Cali- 
fornia where tlie dry summer favors this mode of handling the fly On 
wide ranges this method is impracticable, but in connection with dairies 
it is entirely feasible. 

/.yperorfe enffua (dc MejJ ) istommonlj kno^m as the "buflnlo fly” 
and is particularly important to the cattle and dsir)’ industries of Au«- 
Iralia.** Among the animals nllackrd are buffalo, cattle, horse, dog and 
man. Tlie fly oviposits in fresh dung from buffalo and cattle m particular 

Other 1 pedes of bloodsucking muscold flies,— The genus Tfiiforrja- 
tomyia ffprescnlcd by the single rpeeies, P latiynij .Ao«ten, is of p.irtic- 
utar interest because of the form of the prol«o«ei5 sslueh Ls intrnnHiatr 
Iwlwcen the biting and non-biting museld Ijtk* /*. Au«!en m a 

widely distributed African and Oriental species rc»e:nb!jng.tfujfadonf*- 
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tica Linn, in size and general appearance. According to Austen the 
proximal portion of the proboscis is a strongly swollen, polished, chitinous 
bulb, the distal portion being soft and fleshy and folded back under the 
distal end of the bulb when not in use; when in use its terminal section, 
consisting of a tubular extension, is protruded from between the labella, 
and is surrounded at the distal extremity with a circlet of stout chitinous 
teeth. When not in use the entire proboscis can be retracted within the 
buccal cavity. Austen states that the fly probably feeds by cutting 
through the epidermis with the teeth at the end of the tubular extension, 
and then sucks up the blood. 

The Ethiopian genus Stygeromyia (S. maculosa Austen, and S. san- 
putnana Austen) is said by Austen (loc. cit.) to be in some respects inter- 
mediate between Stomoxys and Lyperosia. It resembles Stomoxys in 
general appearance and form of the body, but is distinguished “by the 
relative stoutness of the short, chitinous, horizontal proboscis, and by the ^ 
palpi being equal to the proboscis in length, large, expanded towards the 
tips, and curved upwards.” 

Stomoxys nigra Macqiiart, 5. omega Nen'stead, and S. inomata Griia* 
berg, are all Ethiopian species, and resemble S. calcUrans in feeding 
habits. 
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or less separated /rom each other, within which are situated spiracles 
one to three in number, either slit*like, sinuous or more or less circular. 
A prominence known as a "button” is best seen in certain slit-like forms, 
MinLitcHiaseneata (Meig.) (SccFig, 122). The button may be absent 
or variously situated depending upon the species, hence has taxonomic 
value. 

In using the posterior spiracles as a basis for classification the fol- 
lowing characters arc to be noted, v«., (1) diameter of the stigmal plate, 

UJUIS^ 



Tlo 133 — ^liowiof Uxooomie Scttll* »•<><] lo tb« cUuifleationt of isuieold Sr Urrcc 
(R*drA»i •f(«r asthonj 

the space occupied by one eligmitl piste on o line drawn through the 
center of both; (2) length, when slit* are absent, the space occupied by 
a plate on a line drawn dorsovcntrally through the center of the plate; 
or, when alits arc present, the space occupied by a plate along a line 
drawn from the lower edge of tljc button (or rpaec if button is absent) 
through the longest slit (middle slit) to the margin of the plate; (3) 
vidth, along a line drawn at the middle of (lie plate at right angles to the 
length line; (4) distance between the plates; (5) general form of the 
plates; (0) «haj>c of rpiraelcs; (7) presence or absence of button; (8) 
general *truclufc of plate. 
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Intestmal my iasis.— According to Braun and Seifert ^ at leagfc thirty 
species of fly larvae have been reported from cases of intestinal myiasis. 
They are principaliy members of the families Muscidae and Metopiidae 
which commonly deposit their eggs or larvae on cold meat, cheese, and 
other foods of man and are thus ingested. It is also suggested that the 
flics may deposit their eggs in or near the anus, particularly in the use 
of old-fashioned open privies. The larvae on hatching are believed ie 
make their way into the intestine. Hoeppli and Watt (1933),^ experi- 
menting with the larvae of Chrysomyia megacephala (Fabr.) and Lucilia 
scricata (Meig.) , secured results that agree with those obtained by Desoil 
and Delhaye (1922)3 with larvae of Calliphora vomitoria (Linn.) show- 
ing that fly larvae of certain kinds as well as the eggs arc able to resist 
the influence of temperature, gastric juice, hydrochloric acid and fer- 
ments in all the concentrations occurring in the human stomach, but that 
the larvae arc very susceptible to mechanical injuries and to the obstruc- 
tjon of their stigmata. Ample food for the larvae is provided by the 
intestinal contents as well as the intestinal mucosa itself. 


The clinical symptoms of intestinal myiasis depend on the number as 
well as the species of fly larvae and on their location in the intestine. Ko 
doubt many instances occur in which living fly larvae are passed in the 
stool without causing symptoms. Usually there are nausea, vertigo and 
more or less violent pains in the abdomen; diarrhea with discharge of 
blood may occur as the result of injury of the intestinal mucosa by the 
larvae Living and dead larvae are expelled with either the vomit or 


stool, or with both. 

An obstinate case of intestinal myiasis is reported by Herms andGil* 
bert (1933) > The patient, Z. W., female, age 38 years, was first seen 
April 26, 1930. Her chief complaints were attacks of nausea, vomltog 
and diarrhea, nervousness and joint aches. There were recurring attac 
of nervousness, vomiting and diarrhea and apparently rather 
hemorrhages from the bowels. The patient was considerably depress s 
times and treatment was difficult because of lack of cooperation excep 
after she had had a bad spell. Because of the difficulty of obtainmg s 
specimens, especially during the acute attacks, and in "view of ® 
that it was felt that there must bo other reasons for her condition, « r 
in the spring of 1931 during an attack of nausea with vomiting acd 
rhea the patient was kept for one entire day in the office under ® 
lion and stool and vomit specimens were obtained, both ^ jj 
the first larvae which were studied. During these attacks i w 
for her to obtain relief with fairly large doses of opiates. I^ouow g 
observation she was given santonin by mouth and coon . 
containing thymol. Many larvae were recovered after this, all of wa 
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were dead. Following the attacks of diarrhea the patient had a number 
of severe hemorrhages. Tetracblorclhylene capsules were given by 
mouth but they caused gastric distress. In the hospital a duodenal tube 
was passed and tctracblorethylcne was injected beyond the stomach. For 
a few weeks there was apparent improvement, but the attacks recurred, 
with the passage of larvae by vomiting and bowel discharge. 

Three lots of fly larvae were studied in the laboratorj*, i e., March 31, 
1931, May 12, 1931, and July 28, 1931. Adult flies belonging to three 
genera, Calliphora, Lucilia and Sarcophaga, were reared from these 
larvae. 

The recurrence of violent sj'mptoms with extrusion of laiwatf in vomit 
and stools would ordinarily point to repeated infections, but the fact re- 
mains that the patient lived in a way that would seem to preclude 
repeated infestations and the exposure of stools and vomit to flics is ruled 
out because of the circumstances indicated in the case report. The 
authors have advanced a possible explanation based on the pedogcnetic 
reproduction of D3' lan'ae os suggested by obserx’otions made by Parker 
(1922),“ vir.: "The increases led me to believe that Calliphora erythro- 
ccphala occasionally multiplies in an unu«ual way, and that (his way is 
not polj'cmbrj'ony but pedogenesis." In the c.a«e described there were 
certainly broods of very j'oung larvae at mlcr>'oIs, at which time also 
full grown lan'oc were present. 

Cheese skippers . — The larvae of the cheese flj*, Piophila casei (Linn.) 
of the family Fiophilidae, frequently cause intestinal myiasis, os they arc 
able to pass through the digestive tract without injuiy*. Simmons • cites 
a number of instances indicating the frequency of their occurrence in the 
digestive tract of man. The adult flies measure from 2.5 to 4 mm. in 
IcngUi ; BupcrCcially they appear shining block, with reddish brown eyes 
and wings held flat over the dorsum when at rest. The eggs are deposited 
on cured meats, old checoe, dried bones, smoked fish and many similar 
ronleriaN. Tlic eggs hatch in from 30 to 45 hours at a temperature of 
65* F.; Uic latval stage requires about eight days, the pupal about twcl>'e 
days Tlicsc stages are greatly influenced by temperatures. The Ian*ae 
have the peculiar habit of cur%’ing the ends of the body together and (hen 
suddenly’ springing to a diflance of from Uircc to six inches. 

5ofdier fiy . — A c.a«c of intestinal roj'iaris caused by lar\-ae of a soldier 
fly, llrrtnelia illuccr^ (Linn ) (Familj' Slratiomyidae), js re{>ortcd 
by Mclcncj* and llara ood.’ Tlji< fly feeds mainly on flowers, and the eggs 
are deposited on <!ccaying fruit*, vegetable?, and .animal matter. Tlie 
source of infection according to the ouUiors was apparently raw fruit or 
vegetables. Tlie symptomn were local Irritation in the ttom.ach and 
rectum, and spells of fainting. TIjc paUent was a boy of ten years M. A. 
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deposits its eggs on liquid manure or other filthy liquids in cans, slop jars, 
privies, septic tank effluent, etc- The larvae are known as “rst-taild 
larvae” (Fig. 124) ; these also occur occasionally in heaps of hoise 
manure. 

The family Syrphidae includes a very large group of flies, varying 
greatly in size, many of which are brightly colored. They are nearly all 
flower loving, feeding on nectar mainly. Only one genus needs to be con- 
sidered here, namely Eristalis, the larvae of which have a long sns! 
breathing tube, i.e., "rat-tailed,” and the adults of which are cominonly 
called drone flies. 

Urinary myiasis, — ^As in intestinal myiasis the symptoms of uricaiy 
myiasis depend on the number and kind of larvae and their localization. 
There may be obstruction, pain, pus, mucus and blood in the urine and 
a frequent desire to urinate. Larvae are expelled with the urine. Chev- 
ril reports that Fonnia caniciilam (Linn.) (see Chapter XV) is most 
frequently found in urinary myiasis, although Fannia scalaris (Fab.) 
and Mvsea domestica Linn.** have been encountered. Hoeppli asd 
Watt (loc. cifc.) believe that albumin and sugar in the urine may proride 
food as may mucus and leucocytes; the lack of oxygen presents the diiel 
difficulty, although very small amounts of oxygen are needed by tbe 
larvae. 

Infection is probably usually accomplished during sleep in 
weather when persons may sleep without covering, the flies depositiog 
their eggs around the urethral opening and these hatching in a few hours, 
the larvae enter the urethra. 

Traumatic dermal myiasis, the invasion of wounds or ulcers of the 
skin by fly larvae, is of common occurrence in warm, humid climates. A 
large number of species of flesh flies are responsible for this ® 
myiasis, particularly the screwworm flies, green-bottle flies and 

The following description of a case caused by Phomia i ,gmo (Weig./ 
reported by Stewart will serve to illustrate this form of myiasis. 


"The dermatitic area was not large at first but it continued 
hospitaliration. An eitremely offensive odor was given off, 

1 . J r th. mre. the oatient appeared to be 

• first treatment was applied W 

. • jf the patient's admission to 

•, was a mass of pus 

saturated sulphur wash was applied, me uair was combs 

to penetrate freely to the scalp and a towd was y (wo 

below the cars. The supersaturated sulphur wash was applied 

""^Wter the second treatment was “WM *“ ‘'fj S'SteSS’ 

very restless, workins the fingers into the pate of ter bands and aim 
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putting her hands to her ears. Soon she began to scream, acted frantic, and 
became nearly delirious. She was given a sedative without effect. 

"On taking the towel from the patient’s head the nurse obsen'ed fly larvae, 
which had been forced into actnity by the treatment, crawling over the towel, 
hair and down the cheeks. The nurse estimates that she killed twenty-five or 
thirty larvae in the hour find a half she spent in remowng them and still the 
hair and scalp remained full of them. Back of the cars the mass of living larvae 
was so great that they could almost have been spooned out. At this time the 
patient complained of a buzsing in the ears similar to that occurring when the 
ears are full of water, and said that she could not hear. The nurse then used 
toothpick swabs to remove tbe great quantity of larvae found in the pinnae of 
the ears; in so doing most of the larvae were killed, but some were kept alive and 
placed on raw beef in wals so that they might complete their lanMl growth and 
pupate. 



Fio 125 — Co<'Alionifi« amrrtra^tt, iW Tfi»t rerr^nom fif, l4rT« ■nd (AfJfr 

Huhorp) 


"As soon M pupation occurred the pupana were removed to fresh \-ial3 and 
coerrd mth fine dr>' foil until thej- emerged as adults, when they were iden- 
tififxl as TAormia rcyina Mdg. 

"After the rfmo>al of all vimWc larvae had l»een completed the p.nlient'fl 
half was dipped, the supeirafurated ralphur wash treatment was continued, 
and the icalp was bandaged. To the original area of dermatitis around the cars 
*«M applied a pn'te cor.'iitirg of sa!ic)Iicac;d,2giR ; rinc orde, 21 gm.; starch, 
21 gm ; petrolatum, rj.'Iicifni to make 100 gnj. 

"It h obvious that an adult female Oy had been attracted to the suppura tire 
fcalp fores by ll e foul cdor given off and hvl om.'W'jimI m me or more of 
thf-ie lore* n.e larvae were dn>m from th** eralp In the pir.nie cf 
l>j the aj'pbf.at»o*i of the ripersaturated nlphur wi*h ’’ 

Stewart " in another article describes n new Ireatmenl for traumatic 
dermal myia*is: 
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A new douche, composed of 15 per cent chloroform in light vceetsble oJ 
has been employed m the treatment of seventeen cases of traumatic derm] 
myia^. In every case ail the maggots were removed with a single treateett, 
ertendmg over a period of thirty minutes. 

“The new douche has ftdvarif,ap»^ nv/»f> M/vmtuanTiIe. .,~„J 
solution in that ' ' 

soluble in milk; . ‘ 

: — *-•— . .... 1 ' 

ture has to ■ • ■ . ■ 

a very soot 



Ftc, CocMiomjfia «ac€H«ria jort emerg^J from tlie pupa caaet. A 
&nimal near by {urniabed food for the lerrae, pupfttioo took place in the - 

Death the carcass. The newly emerged flies have crawled up on the grass and wiu 
he ready to By away. Kote characteristic resting attitude, with head down. 


Cochliomyia ctmericana C, & P. (Fig. 125) is the name recent}' 
given to the New World screwworm fiy by Cushing and Patton ^ 
separate this dangerous form which feeds on the tissues of living aniroa s 
from Cochliomj/ta jncceWcna (Fabr.) (Fig. 126) which is more 
tilariy a scavenger fiy. It is an obligate parasite and according to La* > 
Cushing and Parish initiates the great majority of cases of 
infestations in man and animals in the United States and proba y 
the entire Neotropical region. It is known to be the common cau-e 
nasopharyngeal myiasis in man. ^ -Kfodips! 

Osborn (1896) quotes Richardson in the Peona, ?1J., Mea 
Monthly for February, 1883, who d»cribes a typical case thus: 
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, “While traveling in Kansas in the latter part of last August, a citiicn of 
Ibis place bad tbc misfortune to receive while asleep a deposit of eggs from Ibis 
fly. He had been troubled for years with catarrh, hence the attraction to the 
■“ " ; II .. •• ‘ ■ r.*“- *-nt and shortly after began 

1 . I <'■ (■: . • i was called to attend faim. 

■“ * .■ " a man laboring under a 

• . ■ ■ ' ■ ■ , : ' ■ moderate fever. His nose 

seemed greatly swollen and he complained of a emartmg, uneasy feeling in it, 
and general miscrj’ through the heii. Gave him treatment to relieve the con- 
gestion and fever Tucs<hj', saw him again. His nose and face were stiU swollen, 
and in addition to the other symptoms he was becoming sh'ghtly dcliiious and 
complained a great deal of the intense misery and annoyance in his nose and 


nostril. Mslcing a 20 per cent solution of chlorofonn in sweet milk I made a few 
injections up both nostrils, which immediately brought away a large number, 
so that in a few hours 1 had taken away some 125 of them. By Wednesday 
evening crj'sipclas had br^uo, implicating the nose and neighboring portions 


tfadr way into so many recesses of the nose and were to flrmly attached that 
we were unable to aecomphsh much. Finally we resorted to the chloroform 
injections, which immediately brought away a conodcrablc number. Friday I 
was able to open up (wo or three canals that they had cut, extracting so’cral 
more that had literally packed tbemsdi’cs, one after another, m these fistulous 
channels His speech becoming suddenly much worse, I examined the interior 
of bis mouth and found that a clear-cut opening had made entirely through 
the soft palate into bis mouth and large enough to insert the end of a common 
lead pened. Saturday the few remaimng larvae began changing color and one 
by one dropped away. On Sunday for the first tune hemorrhage from both 
nostrils took place, which continued at iotorvals for three days, but was not at 
any time severe. On this day the patient began to improve, the dehnum and 

— «... ... r.. 


•i ■.■SI-"*"* « l„i 

after on illnees of nearly three weeks, ecenplelely exhausted by bis prolonged 
suCennga, Threo daj-s before his death the absc^ discharged its cootcoU by 
the left noslnL The quantity of pus formed was about 2^ ounce* (7S grams). 

"In an about 250 larvae were taken away from him during Uic first attack, 
and. M the viubJe rwulls, not only had the)' tut the bole through the soft 
pal.ste, Init had alwj eaten the cartilage of the arptum of the nose to nearly 
through as to gii-e luzn the appearance of haring a broken now. The cA* occo- 
pj«d. from the first inraooa of the fly to lU final rrault, Prarfy two months. He 
docbllna would baiT rreoverfd but for the fornat'on of the al«««sn, which from 
all the symptoms, was canard liy one or more cf the Urrae Ksvirg found th«r 
way up the )pfi rurtachiaa tube.” 
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CochUomyia americana C. & P. is strongly attracted to the wounih 
and sores of animals. Laake ” (climates the loss occasioned by this fly h 
the Southwest of the United States at $5,000,000. Laake found the fol- 
lowing predisposing causes of attack: among sheep and lambs, woiads 
caused by needle grass take first rank; among goats and kids, shear cuts 
take first rank; among cattle, injuries by the horns of other cattle; amoDg 
calves, exposed tissue at birth; and among horses and mules, wire cuta. 

Laake points out that the more common causes of screwworm attack 
are due to farm practices that can be corrected. He stresses particalsrly 
care in shearing, dehorning, removing and disposing of old barbed wire 
from dismantled fences, also the timing of dehorning, castrating and 
branding so as to expose the wounds as little as possible to flies during the 
season of abundance. 

Life history of the scretnicorm fly. The adult fly of Cochlimyvi flfnr- 
leatio C. & P. has a deep greenish blue metallic color with yellow, orange 
or reddish face, and three dark stripes on the dorsal surface of the thorax. 
It is difficult, unless one is experienced, to separate this species from 
liomyia macellaria (Fabr.). Laako, Cushing and Parish state that the 
females of C. macellaria (Fabr.) may usually be distingmshed /root?' 
americana C. & P. by the fact that the basicostal scale (a small sclerite at 
the base of the wing) of the former is of a yellowish color, whereas ia ti« 
latter (C. americana C. & P.) it is black. Also C, macellaria (Tohr.)^ 
covered on the midline of tim underside of the abdomen by a dense wade 
pruinosity absent in C. americana C. & P. The species can be ea^ly 
accurately determined by the use of the characters exhibited by thesis ® 
terminalia.^’ . 

Individual females of CochUomyia americana C. & P. according 


Laake, Cushing and Parish, may lay as many as 2,853 eggs, the ^ J 
deposited in characteristic batches of 10 to 393 eggs each, and ^ 
of as many ns 300 eggs may be completed in from four to six 
The incubation period of the eggs on wounds in animals ranges fmm 
21.5 hours, under natural conditions, ’Hie larval feeding peno raa 
from 3.5 to 4.5 days; the prepupal from a few hours to pgj 

(7 hours to 76 hours) ; the pupal stage about seven days. The p? P 
and pupal stages ore greatly influenced by temperature an ^ 

The life history from egg to adult under optimum natum coo 

requires about 11 days. w iirpr^ic 

The larvae of -Wohlfahrlia vigil (Walk.) were taken by Wsik 
three cases of cutaneous myiasis, case of a five-mon -o 
described thus: 

‘■Most of the lesions weie dnstered toother on the 
under the angle of the jaw, one b^ on riie left 
noticed by the mother 24 hours earlier, «id when seen by 
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already ?econdanly infected with pus organisms, the child being in & poor gen- 
eral condition and sufTcnng from an intestinal disorder. They were similar to 
the lesions obscra'cd in the previous cases, each being a boil-like sore with an 
external opening, and from these openings five or six lar^Tie had already been 
expressed. Only three additional larvae were obtained, these measuring 5 to 
7 mm in length Each was placed on raw beef in a separate test-tube, plugged 
with cotton wool. In 24 hours they reached a length of 12 to 13 nun., and in 
another 24 hours they were full-grown, each measuring about 17 mm. in length. 

"On the third day after their removal from (he child the larvae were placed 
with the meat in a jar of earth and immediately burrowed into the latter. Next 
(lay they were at the bottom of the jar and two of them had begun to contract 
Three days later they were dug up and all had transformed into puparia. 

"On September 27, IS days later, a male WoMfahrtia vtffil emerged. I waited 
for flic others to appear until October 5, but neither ha«ng emerged by tlwt 
time I opened one of the pupana on that day and the other a week later, and 
in both I found pup.ac tthtch had cvndently died some lime before the proper 
tunc for cmcrccnce, as they were eioifc colorless In this ease, hke the previous 
onr«, the child rceoi cred rapidly after the remo^ al of the maggots.” 

Creosote oil. — It has been found that surfaces treated tvith creosote 
oil arc rcpeUcnl to flics for many days and that dead bodies completely 
covered with it so as to prevent maggots from gaining a foothold do not 
become invaded. From onc-bnlf to n gallon of the oil is said to be suf- 
ficient for the carca«s of a horse The skin quickly hardens and becomes 
lenfhcrj’, the body remaining well prcsm'cd for weeks. 

Sodium cyanide. — Under oriental conditions innumerable flies (s.iid 
to be Chq/somyia app ) originate in the rrcept.aclcs (/cn^ gonp) used to 
store human c.xcrcment. This dangerous condition is undoubtedly respon- 
sible for much of the dysentery* that exists during tlic fly season. Pro- 
fessor C. W. Woodworth, who has spent considerable time in Chinn, has 
informed llic author (iint a remarkable reduction in the fly population of 
Nanking was brought about by the application of a solution of sodium 
cynniile (one ounce to a gallon of water) to the contents of the \csscls, 
The cyanide solution wn* applied by me.an^ of a sprinkling can. 

Dermal creeping myiasis of man is commonly cau'cd by (he wan- 
dering lan’flc of flics belonging to the family Cuterebridae, p.artlculnrly 
Drrmatol/ta hotnints (Linn ) ; and also Jlppodcrma hncala (dc Villcrs) 
and Jlppodcrma boiis (DcG ), both knowm as ox warble fUcs, belonging 
lo (he family Oc'lrid.ie. 

Dmnalobia hominis (Linn ) is commonly found in Central and South 
Attwrica and Mexico. **Tlic Lanm is known in its early stage n.s Ver 
macafpic anti in its Interstages as/owlof beme. Tlie fly measures from 
MtolCmm inlengthamliscntirelybrownincolor. TJiisflyp.nrasitires 
a large niimlKT of species of m.ammali and even birds It h.as been found 
m caiile, pigs, dogs, mules, monkeys, man and t’nrious wild nriim-nls. In 
man the lar%'a has been reported from various regions of the body, 
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mainly head, arm, bach, abdomen, scrotum, buttocks, thigh and axilia" 

(Ward).« 

Although it is not certain tiiat this Dcrmafobia does not deposit it* 
eggs directly on or in the human eldn, it is now known that several species 
of mosquitoes and ticks, particularly themosquito PsoropAora {Janthino- 
soma) lutzii (Theo,) and possibly other insects act as mtermediate cs^ 
riers of the eggs. The female Dermalobia is said to oviposit on the trader- 
sides of the bodies of the mosquitoes so that when the latter suck blood, 
it is possible for the eggs to come in contact with the warm-blooded host 
where either contact or warmth stimulates the larvae, rapid emergeace 
results and entrance to the skdn of the host is effected. The larval period 
in the body of the host is said to require about two and a half montbs 
when, like the Ilypoderma species, the larvae leave the tumorous swell* 
ings they have produced, drop to the earth and pass through a pupal 
period requiring from three to six weeks. 

Dqnn ** (1930) has described (he life hUlory of the human botfly 
most accurately as the result of an infestation whirii he suffered in tbs 
Panama Canal Zone. In his case the fly LimnopJiora, not a bloodsuck^, 
was the vehicle for the eggs. Two larvae were observed to enter the sKn 
of his arm, requiring 42 minutes for the first and one hour and 35 minntcj 
for the second. Dunn experienced "absolutely no sensation caused by 
the entrance of the (first) larva unUl after the first 30 minutes. TbeP,w 
tlie posterior end was being drawn inside, a sharp prickbg, which Isstw 
for about two minutes, was experienced." He atates that there was a 
first a sharp itching at night, and by the end of a week the lesions 
exuding serous fluid at times. By the end of two weeks the lesions ha 
the appearance of small boils and by the end of three weeks these wew 
excruciatingly painful. At the end of 46 days and 15 hours and 60 da^ 
and 15^ hours respectively the larvae emerged from the skin, causra 
"absolutely no pain or sensation.” The pupal periods were from twenty 
two to twenty-four days. 

The above account of an infestetion of human bote j 

opinion of other authors that the larvae remain in a relatively 
in the subcutaneous tissues. The larvae of the ox botfly on the o 
have the tendency to migrate in the subcutaneous tissues often for co 

erable distances. urvue of 

The author (1925) has described the migratjons of tee larv 

Hypoderma bovis (DeG.) thus: 

^ _ , , , u .t f,n horsebaclf 

*7 ' . ■ ■ _ ^ <nownSS 

■ . • ■ ■ ■■ ■ ■ aydowJ> 
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Whedier Ihis exposure \\ as taken advantage of by the fly can only be a matter of 
conjecture. Several days later, exact time not remembered, Eoreness was experi- 


foUowing about tbe same course to the left groin, thence across to the right 
groin and back again to the left and upward along the left eide of the body, 
^ghtly anterior to the shoulder, thence downward to the upper right arm to 
near the elbow, when the arm could not be raised without great piin, thence 
the swelling travelled upward again to the neighborhood of tbe shoulder blade 
where a 'hive^hke* local swellutg was formed without any itching sensation. 
Mr. C. stated that at this point he was 'bothered' all night, and while rubbing 
his arm and manipulating his shoulder muscles a lar>'a of some insect ‘popped* 
out. This emergence look place about the end of October (1924). The lam 
w'aa placed in a vial for shipment but was lost in transit. 

"Relative to the second larva which was delivered to the wnlcr in i>cr«)n 
on the day following its emergence, Mr. C. slates that since October when the 
first larva emerged, no further swcllmf^ were observed, but soreness in the 
region of the thigh and lower abdomen, similar to severe strain, persisted. How- 
ever, on January 2S (I92S) he expenenced a severe ’soreness’ in the region wf 
his nght thigh which gave much distress, particularly when walking. By thst 
night a swelling bad developed and the following day the muscular soreness 
continued to spread, by Januar>' 31 a bemta-like swelling had developed which 
enlarged upward and outward to the region of the bcltdine, the lower hemu* 
like swelling gradually disappearing. Sunday sight, Februar)* 1, a hive-like 
swelling as oUen-ed in the case of tbe firet lam began to form, enlarging to 
an area of about four by eight inches Tuesday evening, February 3, Ij-mph 
exuded from a anull opening near the middle of tbe swollen area About a 
tablespoonfu! of l>'mph stained with blood was pressed out and in the process 
of manipulation a lam sinular to the first 'popped' out This specimen was 
delivered to the writer February 4 in good condition and identified as a 
third-stage lam of J/ypodermo 5ofi* I)k3. Tbe lam was milky white in 
color, about 12 mm in length by 2 mm. in width at the middle, tapenng bluntl> 
at both ends. Very' little swelling and practically no discoloration were vi<il)le 
on examination, although the point of emc^cnce was clearly reen " 

Ophthalmomyiasis of man fs more particularly traceable fo the 
larvae of bcad-mnpgot flics of sheep, deer and related onimaLs Cases 
traceable to Oestrus Ofu Linn. lC<phalomyia outs (Linn.) ] of sheep and 
Iihinof$tnu pvrpureui (Braucr) arc frcqucnlly reported in European 
horses. Thirc firal-slagc lan'ae of Oestrus ons Linn, mc.'nuring about 
1 mm in length IhathadbcenrcmovTdfrom thecycof ap-atient in Hono- 
lulu by Dr. n.Faua were studied by the author** (Fig 127). Thcaltcnd- 
ing physician reported that the three lan’ae were buried in the sclera and 
were exUtmely adherent to the eonjuneliva, cnu»ing acute conjuncli- 
%il«, I«chrj'ro.ation, ulceration and neurCHis. 

Tilt?'' flies belong to tlie dipterom family Oe*trid.se and arc world- 
wide in distribution. Ofitrut ais Linn, is som*'thing o\er half the liie 
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ot a honeybee; fte thorax is yellowisl, in color, tl.m.gh the color in gen- 
eral is grayish. The female fly depoaila living young during the heat of 
the daj^ usually by striking the nostrils of the appropriate host. One 
female fly has been observed to deposit 60 larvae in an hour. The lame 
travel up the nasal passages, eventually occupying the nasal and trooW 
sinuses. It is quite probable that sheep and other hosts, as ^vell as mac, 
may receive the larvae in the eytf -where the route to the nasal simi'es 
via the jachrymal duct might at least be open, though it is perhaps geldom 
taken. 


Wool maggots. — Blowflies, inclusive of the screwworm fiy already 
discussed, W'cre undoubtedly at one time solely scavengers feeding in tlie 
maggot stage on carrion and animal wastes, but with the introduction of 
herds of domesticated animals they acquired the habit 
of attacking living animals. The term “blowfly strilce’' 
is applied to the condition, cutaneous myiasis, pro- 
duced by the development of blowfly maggots on liv- 
mgaiioep. Froggatt^ writes: 

“It U frequently stated, and mth a certain amount of 
truth, that the ‘bltm*-J3y ppst' was known in New Souu 
Wales forty years ago, but it was only in isolated cases m 
under exceptional conilions that live wool was then bloim. 


days, but the almost universal infestation of otherwse 
healthy sheep, simply because the wool of the crutch, ruiap 
or fiaris becomes wet and stained has only become a 
menace to sbeejiowners within the last twenty-five years 
Fifl 127.— Larva (Written by Froggatt in 1922.) ^ 

from eye o! hu- yja ■ 

• . ■ ... 
sanply scavengers or flesh-flies that deporited tne^r eggs 
...5 — CUT. Tn tho fifndv nf CCOOOC^ 

... . • . . oce- 

• . ’ • ' . 

of blowing live wool from the practice (already acquired) of bloi^g the 
of sheep that had died from some other cause. The smell of the I'ead wool ta i 
them that the damp or soiled wool on a live sheep was of a -imSar 
and once the maggots set up decomjjoation; of the yolk and fibre _ 
attracted other flies. Thus other species became sheep-maggot flies unt 



common blowflies had learned the habit. , i vo. ftci 

‘To upset the balance of nature is always a dangerous 
there is not much doubt that it has been the destruction of the na u ^ 
of control of the fly and the provision of a much laiger number ® pf 
breeding'grounds t^t has caused the remarkable mcre^e r® , „bb 3 ts 
flies. After great droughts landowners have had to fight miinon 
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broedinff all over the West, and poisoned water and poison-carts have been 
put to considerable use. Sometimes the dead rabbits were stacked up and left 
to rot; sometimes they tilled up the water^holcs; sometimes they were piled 
up feet high along the wire-netting fences It can be easily understood that 
under such conditions the blow-flics must lun-e increased a millionfold. Again, 


birds that capture the flies, but often only after they have deposited their eggs 
on the sheep. 

“The next, and perhaps the most important, factor in the development of 
the sheep-maggot pest is the work of sheep-breeders themselves. Forty years 
ago there were many thousands of Merino sheep of the bare-bclly, bartsleggeil 
tjpc, which did not produce a third of the weight of wool of the modem, 
unproved Merino The ambition of cv'ery sheep-breeder has been to make 
c\rr> inch of the sheep’s skm grow wool, and in the ease of some cla«e« of 
Mcnno«« to produce a wrinkled ekin, giving even more wool-bcanng surface 
A sheep clothed with such a mass of thick, clo'e, fine wool, fitting closely over 
the rump and round the tail, ts sure to gel more or less stained and damp round 
the crutch, and to attract flics. This artificial increase m weight, quantify and 
finenc's of w-ool is accompanied, too, by an increased secretion of yolk, which 
rising from the skm and spreading all through the wool fibre, forms an addi- 
tional attraction for the flie<, and supplies food for the maggots “ 

The following species of flesh flics arc listed by Froggntt nnd other 
authors ns attnekmc live wool' Phortnia regina (Mcig ) known .a-s the 
black blowfly bccati«c of ito blackisb-bluc color nnd regarded the most 
important wool-maggot fly of Tc.tfls and California; Lualia scncata 
(Jlcig ),ro«ombljng/-uci/ia cnemr (Linn ) vcr>'elosclybiitbcmg brighter 
bccflu.'o of the stronger coppery color, an important sheep maggot fly in 
Austr.alia and other parts of the world; Chri/somyia albiccps (Wied.) 
[Chnj^otni/ia ( =/’yCTiosoma) rvfifanca (Mncq ) J, common in Au«tralia 
nnd India; CocAfiomi/io amertcana C. A F , a menace to sheep raising, 
particularly in the SouUicm States of the United Stales, Mexico nnd 
cbcw'hcre in the range of this insect, CA»T/«omyia bcrnomi (Villen ) 
(CArj/somyi'a f.aviccps (V’lk l=:CAri/.«oriyia duz (Hscli )), an impor- 
t.'inl Australian nnd Oriental sheep in.aggol fly; iVohl[ahrtia rragnifica 
iSchm ), the princip.al sheep maggot fly of southem Hu*«in, also cau*ts 
human myiads m rgJTl. 

Control of wool-maggot flies. — Tlic following measures for the pre* 
V ention and tiralmcnt of “blowfly stnkc" arc recommended by various 
wiirkrr» among them l)nJ>cofk and Bennett” of the Tcx.k Agrirullural 
fjcrenmcnt Station and Bel-chner** of the New South Vales Dcp.nrt- 
i;i< nt (if .\gnctiUur<'' (1) Carc'J*s burning— dig a trencli along the bark 
(if the earenii nearly n^i wide ns tlic anim.'il and an long, and Inrhc to 
fourteen incl.ei deep; fill trench with ntxjd (one-qunrftr cord of wofvl 
juf^eient to bum cow cr hone) or cow chips; start fire at windward end 
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Cloatridium iz=:BaciUus) botulinum (Van Enncngem).-® It is believed 
that the organism multiplies in the unburied bodies of dead animals, as 
flesh is a favorable medium for growth, and that the flesh flies developing 
in the carcasses become infected and in turn chickens eating the maggots 
(or the flesh) acquire the infection. This is another good reason why 
dead animals should be speedily and safely disposed of, preferably by 
incineration. 

Tumbu fly and Congo floor maggot. — Several tropical African 
species of calliphorinc flies (Metopiidae) are commonly referred to in 
the literature on myiasis, among them Cordyfobto antAropopAapa (E. 
Blanchard), the “tumbu fly.” Austen describes it as being a “thickset, 
compactly built fly, of an average length of about 9}^ mm. . . . Head, 
body and legs are straw yellow.” According to Blacklock and Thomp- 
son the eggs arc deposited in crcrcment-pollutcd sand and soil. The 
incubation period may be as short as 24 hours. If contact is made with 
the skin of man or other animals, the larvae penetrate the unbroken 
skin, forming furtmculor swellings or where multiple and contiguous in- 
fection occurs, extensive "sloughing and gangrenous” conditions result 
In eight (o ten days the fuINgrown laiwae, measuring 13 to 16 mm. in 
length, leave the host and pupate in a few* days. Wild rats are looked 
upon as the main rescn‘oir of the infection in nature 

In the same locality witJi the "tumbu fly” tlicrc may occur AucAmc- 
romyia tuteola (Fabr), the lan-a of which is a bloodsucker and is knowm 
as the “Congo floor maggot." The fly is commonly found about human 
habitations. The eggs arc deposited m small clusters in various situ- 
ations, such as on sleeping mats spread on the ground in huts, in dusty 
crevices, in do* sand, situations where the Jan’oc may readily find suit- 
able food. According to Roubaud,** whose Ircnlifc on this insect should 
be read by all concerned, the eggs hatch in 36 to 40 hours. Tlie laiwae 
are remarkably resistant to extreme drymess and lack of food. Tlicy 
are nocturnal in their feeding habits, sucking the blood of sleeping {>cr- 
eons, producing a wound by means of powTrful buccal hookleU They 
feed for 15 to 20 minutes, detach and hide in the crevices of mats, etc., 
during the day, repeating the attack almost nightly if hosts arc avail- 
able. The lan'al period may be as short as two weeks or, in the ab«cnce 
of food, perhaps as long as three months when the larvae pupate in pro* 
tcelcd situations. The pupal stage lasts from J I to J2 days. 

Bloodsucking maggots of birds. — In a study of bloodsucking fly 
larvae In birds' nests PJaUi ” found an average of 61 per cent of a tola! 
of 63 nwta examined to be infested with an average of 47 maggots per 
nesL Tlie epecie* of birds were the Nutt^U sparrow, California pur^itr 
fmrh, greenback goldfinch, willow goldfinch and California brown tow- 
hce. In a later paper tiie lame author** adda several oilier fpeews, 
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early autumn, June to September. TIic light yellow eggs (Fig. 128) arc 
firmly attached to the hairs of the forelegs, belly, flanks, shoulders, and 
other parts of tlic body of the horse, but chiefly on the inside of the knees 
where they are accessible to the tongue, teeth and lips. The female fly 
(Fig. 129a) hovers from two to three feet away from the animal, darting 
swiftly and repeatedly at the horse, each time attaching an egg to a hair. 
Wells and Knipling (loc. cit.) report one fly placing 905 eggs in 2^,i hours. 
Friction and moisture from Uie tongue of the horse seem ncccssarj’ for 
the hatching of the eggs, the incubation period is from 7 to 14 days, but 
may be greatly prolonged by cool weather so that viable eggs may be 
found unhatched on the hair of the horse until late autumn, long after the 
flics have disappeared. Eggs kept in do' cartons may remain viable at 
room temperature for at least three months and hatch when moistened 
with saliva. The lan-ae on hatching (Fig. 130) arc provided with an 
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armature vhich enables lliem to excavate galleries in the subepitheJial 
layer of the mucous membrane. Wclir,” who 1ms studied the behavior of 
the lanmc, states, “Many verj’ email, thrc.nd'Jjke subepithelinl burrows, 
ramifying in cverj’ direction, were \isiblc on the anterior half of the 
tongue, abile those on tlic postrriorhaJf of Uic tongue n cir larger in sire. 
Lar>’nc were vidblc at the terminations of many of thc«c galleries." Wclir 
found that newly hatched larv'ac when placed on the tongue of a freshly 
killcil r.abbit almost immediately began burrowing and within one 
minute nearly all bceame mtirrly emlreddrd in the nnieou* membrane 
From the mouth in the normal Iio«t the laiwae apparently paM r.^pilIIy 
to Uicir preferred site in the ahmenlarj' canal, Uic left ‘.ac or oMopbaj.r.il 
portion of the stomach, where Ihinl (c\en second) m‘t.ar and the fin.al 
in*tar lan'ae remain fixed wilfj little of no change in poMtion unli! th*’ 
following spring and early summer wbrn tley detach ll.e:r.«rh(i and 
pni« out of the Intestine with the dropping*. Tliry nr<‘ then from I.*» to 
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2 CIO, in length (Fig. 131). Pupotioa takes place shortly thereste in 
loose cftith or in dry droppings. The pupal stage varies considetsblj, 
depending upon rooislurc nnd temperature, but the usual time is tram 
three to five weeka when the winged botfly emerges. Copulation boos 
takes place and egg laying begins in early summer. The life hisloij 
requires about one year, 

GasteropMlus hocmorrhoWolia (Linn.) {Fig. 129b) is a North Amer- 
ican and European species. It ia commonly known as the "nose fiy," 
because the female fiy f orccably "Btrikes” the animal in the region of Its 
nose, where it attaches its black eggs to the fine hairs of the lips or nay 
even thrust the screw-iike stalks, with which the eggs are proviVet/, 



Fk.HO Fw. 131 

Fifl. ISO.— N«wly emerged of ttie home botSf. X 00- 

Fm. 131.— Larva of OoiterojiAi'lBi lafeifiaorwhorBebot. x 4. 


directly into the tender skin. Because of the orange-red tenninal 
meats, ^is Sy is also known as the ‘'redtaiJed bot." fnfflach 

The fully grown larvae have the habit of moving ^ f . jiy 
during the early spring and attaching close to the anus o 
dropping to the ground, . j29c} 

Gasterophilus nasalis {Linn.) [(?. t/efennus {Clark)] ( 
the chin fly or throat botfly, also a widely distributed 
especially abundant in the Bocky Mountain Aod 

annoying to horses, since its cg^ are attached to ® , ffieirhe^^^ 

when the fly darts at the throat, it causes the aniina 
up as though struck under the chin. Egg deposi w 
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late spring and early summer. Unlike O, intestinalis (DcGeer) moisture 
is not required for the liberation of the larvae. The larvae hatch in from 
four to five days. The newly hatched larvae travel along the jaw and 
enter the mouth between the lips. There seems to be no tendency 
to burrow through the skin of the throat. From the mouth of the horse 
the larvae travel to their preferred site m the alimentary tract, the 
pyloric portion of the stomach and the anterior portion of the duodenum 



Kw m— Herv 0«Hrr«r%llt* to muroui linih* d( the itomith 

e< • hoT»e Utoto br Wtenr.) X 73 


where iJtcy arc found in groups and remain for ten to cIe\Tn daj's, l.c., 
■until thc>* arc mature Pupation tnkea place in a few hours after the 
lan*ae arc voided with the manure during the early summer. The pupal 
»tapc requires about three wreks. 

Gatlrrophtlut inemir (Hraucr) is a European rpecics rcrently rc- 
pcirtM from Korth America (lUmoi*) by Kniplmg** The eggs arc dc- 
p<>»jtfTl on the hair* of the ch«*ek« of the h<Hi and, according to Knipling, 
when hatcficd ttie Krvae penetrate the epidermis and work their way 
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under it until the mouth is reached, thence after molting in the epithefia! 
layer of the cheek they migrate to the rectum, where they remain imW 
f uJJy mature. The larvae drop to the ground and pupate as do other Iwh. 
The pupal period is 21 days in the case of Knipling’s material. The adult 
is small, and “densely covered noth silvery to yellowish hair, contrasfeg 
with the more or less orange-colored hair in G. haemorrhoidcilis, G. 
nasalU and 0 . iniestinalisJ* 

Gasterophilus pecorum (Fabr.) is a European and African species 
which does not occur in the United States, It is said to deposit its 
on the food of the host animal and on near-by objects. The larvae bur- 
row into the mucous membrane of the mouth, migrating soon to liic 
stomach and rectum. 

Pathogenesis. — While a moderate infestation of hots will give w 
outward indications, a heavy infestation will be indicated by digesthe 
disorders (which may of course be traceable to other causes as well). 
The discovery of bots in the manure is sufficient evidence. A light infes- 
tation is probably of no consequence— -there are indeed some individuals 
who erroneously maintain that a horse must have at least a few heU h 


order to be well. 

The injury which bots produce is: (1) abstraction of nutriment, both 
from the stomach and its contents; (2) obstruction to the food passiaS 
from Che stomach to the intestine, particularly when the larvae are»no| 
near the pylorus; (3) irritation and injury to the mucous 
the stomach (Fig. 132) due to the penetration of the oral booklets; (t) 
irritation of the intestine, rectum and anus in passage. 

. Treatment. — Although carbon disulphide had been in use for 
years in Europe as a remedy for horse bots, no wide use was o 
this chemical for this purpose in the United States until after the 
mental work of Hall in 1917. The treatment should be adinmi^ ^ 
only by veterinarians. After preparation of the animal by fasting i ^ ^ 
18 hours (water may be allowed) , the chemical is administered in 
tine capsules at the rate of 1.5 fluid drams for each 250 pounds of 
The bots begin to appear in the animal’s droppings in five or six o 
Purgatives should not be used in this treatment. . 

GasterophiHdae as human parasites. — ^The larvae of the 
flies burrow freely as already explained and may cause a form ° 
ing cutaneous myiasis in human beings. Gasterophilus tntcsfmn ^ _ 
Geer) is the species usually involved.®® The course made by 
ing larvae is quite tortuous and plainly vi.'^ible. The m 

severe itching. The larvae, which measure from! to 2 mm. m > 


be easily extracted surgically. ^ 

Oestrid flies of cattle and sheep 
strong-flying flies about the size of a honeybee, the mou pa 
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jncnlnrj', the antennae are throe-jointed and short, sunken in grooves, 
the arista ore bare, the abdomen is conical, not elongate, genitalia hidden. 
Curran states that the first vein ends beyond the middle of the wing, the 
auxiliary' vein being Jong and ending in the costa, the fourth vein ending 
before the apex of the wing, close to the tliird vein; the squamae arc 
large. The Oestridae include only four genera, viz.; Oestrus, which in- 
cludes the head maggots of sheep; Ccphalemya, the head maggots of 
deer; ffypodcrma, the grubs of cattle; Oedamagenn, the bots of reindeer. 

Cattle grubs or ox warbles, as they are also called, arc the larvae of 
flics belonging to the genus Ilypoderma, the heel flics. Although the nor- 
mal host is cattle, horses and humans arc occasionally parasitized. 
Persons dealing with cattle ore familiar with the tumorous swellings on 
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• zrub. or ht^l fly, /lfp«iSrrm« hitmta (Adifteil 
the «< warble fly. //ryotferMs (larafa. X IJ 


the backs of cattle during the late winter and c.nrly spring, and mo‘l 
stockmen have squeezed out the large grubs which inhabit these tumors 
Tlicre arc two well-known epcciea. Hypoderma lineafa |de Villers), 
widely distributed in the United Slates, as well os Europe and Asia, 
// l/podcrma bovis (PeGccr), less widely di«tributcd and morenortlierly 
in lU occurrence in the United State*, particuhirly the New England 

stair*. 

Ilypodcma Ions (DcGccr) is the larger of the Iw o specie*, ir;cn«iir- 
inKnlK;ull.'»mm in length, while J/ linrola (dc Villen') mrasurr* about 
1.1 mm. Tlic fonnrr has the tJiorax co\eml wjilj drfi«c yellow Imrs in 
front and black ones liehind, with iJic tenninsl yellow- h-iirs on the ab-Io- 
nKfi, while the filter (// Imrata tde Villers) (Fig Mil] f.as a f.urlj 
uniform hslrj’ roiTring of niitetl l>rowni*li bJark and while with four 
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prominent smooth and polished lines on the thorax, the hairs of fie ter- 
minal segment of the abdomen being reddish orange. The faH-gidire 
larvae are easily distinguished by examination of the spiny araatu^^- 
thus H. boms (DcGeer) has the last two segments entirely devoid cf 
spines, while H, lineata (de Villere) has only the last one smooth. It 
may also be said that the full-grown larva of the former measures from 
27 to 28 mm. in length and the latter about 25 mm. (Fig. 134). 

Life history and habits. — The eggs of both species are laid on the 
hairs of cattle, H. Uneata (de ^Tilers) , attaching as many at a dozen h 
a row to a single hair, while H. botns (DeGeer) is said to attach but a 
single egg to a hair. As many as 800 eggs, it is stated, may be laid by t 
female of either species.* The eggs are evidently deposited by prefer- 
ence on the legs from the hock to the knee of the standing animal, bet b 
recumbent animals the eggs may be attached to the hairs of other parte 
of the body close to the ground. Although no pain is inflicted at the tune 
of oviposition, cattle become terror-stricken when the fly is disco^wii 
and gallop madly for water or shade in which to stand to escape ft? 
enemy. This is termed “gadding” and often spreads to the whole 
herd. 

The eggs of both species hatch within a week and the tiny annoi^ 
larvae crawl down the hairs of the host and bore either directly Into th* 
akin or into the hair follicles.®'* Knipling's studies indicate that thoft 
are only three stages, although others have suggested there might be foitf 
or five. _ . 

Bishopp, Laake and Wells state that the eggs are oidmarily 
posited only on sunny days, although H. bovis (DeGeer) may continue ^ 
oviposit during cloudy periods. A stiff breeze apparently deters the ^ 
although egg deposition was observed at temperatures as low as 4 ' 

The eggs hatch in from three to four days and the larvae 
skin, causing considerable irritation. Tlie larvae then work up 
between the muscles and in a few months thereafter are found 
abdominal and chest cavities of the host. The above authors sta a 
ther, "During the following seven or eight months they 
row about over the surface of the paunch, intestines, spleen, an 


organs. Grubs are especially numerous between the muscular ^ 

cous layers of the oesophagus or gullet. The grubs in these si ua o ^ 

slender and their length ranges from about one-tenth to 

of an inch. In the fall, winter and spring the grubs migrate two g 

muscular tissues of the back and in a short time reach the un 

oftheskin. DuringthislastjonmeysomeofthementeraeBpins ^ 

and may burrow along the spinal cord for considerable disunc 
* •Waiburtou (1622) hw presented n most s^tirfactor^cwunt of Tie 
flies of CatUe” in Parasitology, voJ. 14, »03. 3 and 4, pp. 
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after the skin is reached the grub cuts a minute hole through to the sur- 
face. At tills time it is still slender and urhite and about two-thirds of an 
inch long, and is smooth except for small spines at each end. From one to 
five days later the grub molls for the third tune." Upon emerging "from 
this molt the skin is closely set with spines. Tlie body of the host now be- 
gins to isolate the invading parasite by forming a pocket or cyst around it. 
The growth of the grub from this time on is rather rapid, and a fourth 
molt occurs about 25 days after the third. In this last stage of its develop- 
ment the color gradually darkens, first liccoming yellow, then brou'n, and 
finally almost black. During this entire dc\elopmcnt beneath the skin 
a breathing hole is kept open to the surface, and the grub lies with its 
two breathing pores, nhich arc located on the posterior end, applied 
rather closely to the opening in the skin. As growth proceeds the hole in 
the skin is gradually enlarged ” In late spring and early summer "at the 
end of the period of development m the back, which requires from 35 to 
89 days, growth is complete, and the repulsive, spiny grub works its way 
out and falls to the ground " There the larvae crawl away into the loose 
earth or debri'*, becoming rapidly dark bro^m to black in pupation, 
and in from four to five weeks emerge os warble flies. The complete life 
cycle requires about a year. 

The warbles begin to appear m the backs of cattle in some parts of 
California about Jamiar>‘ first, and Worburton reports mid-February as 
the lime when the indications of newly forming donal tumors arc roost 
numerous in England. 

Injury done. — Tlic injurj’ done by the warbles is first that of tm’fa- 
tton caused by their migrations in the body of the animai and later in 
their emergence from beneath the skin; secondly, the escape of the lan’a 
from the tumor leaves an open, running wound which persists for a long 
lime and is allractivc to scrca-wortn flies and other tormenting in*ccts. 
Tlie direct pathogenesis is of minor importance, however, in Die face of 
the economic lots produced by this inject. 

Ffonpmtclotjfi,— Tliccconomictoyscsproduccdnrt: (1) Rctluclion 
in milk fcctclion, which i« c-timaled at from 10 to 20 per cent of the 
norma! yield. (2) I/i«s of flc'h due to tliC wild endeavor of the animals 
to e«rapc from the flies and the irritating larvae (which is pointed out 
by IloUtcin: “A cow quietly gratmg will suddenly spring forward, 
tiiTOw up her tail, and make for the nearest water at a headlong pail. 
Seemingly deprived at the moment of every instinet except Uie desire to 
escape, she « ill ru*h ovrr n high bluff on the way, often being killed by 
the fall. Tld«, with miring in water boles and the fact that cattle are pre- 
sented from feeding, cau«<w the Ic***"). (3) Depreciation of the value of 
the care.va m firsh, which l.<eonws greem»h yellow and jelly-like in 
spp<‘aranee at the point* wh«Te the gnilis are loeatnf, and Is not fit for 
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consumption. (4) Injury produced to Ihc hide which becomes "grubby,’’ 
full of holes, where the grubs have emerged (Fig. 135) . 

The following is quoted from Tanners’ Work for October, 1913: 

"The case is recorded by Boas of Denmark of a cow which remained in poor 


the fall. In this case the loss of milk due to the grub infestation was 25 per 
cent. The loss in flesh on account of grubs has been variously estimated at from 
$1.00 to $5.00 or more per bead. If we assume that 25 per cent of all of the 
cattle in the United States are more or less infested with grubs, a quite con- 


Fia. 135.-A piece of sole leather 21 X 31.5 co. showing work of ox war 


servative estimate, 50 per cent m 

the loss in flesh on account of grate being calcaWd « 

a year, the total number of cattle m the milch cows 

approximately 60,000,000. If we if™" ‘bat mfeM 000,000 , 

per cent in mflk production and that 25 “““Vto th account . 1® 

in the United States are affected, there should be addea 
of not less than $30,000,000 per yean that a grubby 

“As to the loss in hides .t k stated by Ewopean ^ ^ 

is, on the average, less in value by ^ f a tides “ li 

country I have no definite information other ““ t”ar j,a, 

green^ate are commonly valued f “JaveJage weight of 65 po«»J; 

to this basis the depreciation in vdue of a h^^ ,1,, ,„e of t 

if grub-infested, would be 65 c®ts jd the de^r ^ ,he.r fd 

estimated 15,000,000 grubby catUe of the umteu 
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arc concerned tims amourvts to $9,750/XX). It is, however, quite probable that 
the actual lo-s iir the value of hides when made into leather is much greater 
than this. 

“Wuhoul including the loss on account of the dirMt damage to beef car- 
casses from the presence of grubs, we may, on the basis of the foregoing, esti- 
mate the total loss from grubs in the TJmt^ States in round numbers at from 
<55,000,000 to §120,000,000 per year.** 

TreatTnenf.—The tumors in which the grubs occur may be treated 
with kerosene, bcnrinc, turpentine or carbolic acid, a few drops of which 
are introduced into the opening by means of a machinist's oiler, or merely 
smeared over the surface. Ointments of sulphur and vaseline arc also 
fcn;iccablc. Those remedies are objectionable inasmuch as the grubs 
arc not eliminated, dying within the tumor where they must be slowly 
nb«orbcd and serious abscesses may result. 

A better method is to reroovc the grubs bodily, which can easily be 
(lone by squeesing them out if the grubs arc about ready to leave the 
tumor. 11 not easily squeezed out, n forceps with slender blades may be 
introduced into the opening, the grub grasped and eliminated. In gome 
ca*cs the use of a lancet may be needed to widen the opening in the 
tumor. The use of a properly constructed suction syringe applied wlien 
the grubs arc "ripe” would no doubt give good results. 

After removal Uic grubs must be destroyed to prevent furtlicr mein- 
morphosis, and the wound should be treated with a carbolalcd salve. 

Ifcarle reports that derris as a wash has proved effective in large- 
scale experiments in several countries, including Canada. The formula 
recommended is standardized derris powder one pound, soft soap onc- 
(luartor pound, water one gallon. The soft soap is boiled in a quart of 
water, and when cooled a little is poured into Uic derris powder in a 
bucket and mixed into a paste. Cold water and tlic remainder of Uic soap 
solution arc then adde^ slowly while stirring, to make up one gallon, 
and the mixture is ready for use. Standardized derris warble-fly powders 
ready for use are sold eommcrcially. Before application Uic derris wasli 
must be agitated frequently to ensure a pood mixture. AlUiough Uic 
keeping qualities arc good if Uic liquid Is placed in a well-stoppered 
container, it is advisable to prepare only an nmounl sufficient for imme- 
diate application IMicrc mfcslaUon is heavy, the wojh zhould be liber- 
ally applied to the backs of Uie animals with a soft cloUi or a worn slablc 
bni*h, care being taken to cover completely the area affected by tlie 
grub* In many ca*e*, however, it is more economical to pour a hlUc 
derris wa*h from a Uittle on to each eyst.and to rub it in with the fingers. 
In the ea*e of animals that arc no*, stall-tied, a crush or dehorning cliuV 
IS an aid to handling and treating them. 

Tlie date for Uic first applicatioa of the d-rris wash, varying in dif- 
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nf the Doramion, « m miy spring when the Bwl%h 
backs of (he animais caused by the grubs Snt become' conspicL 
In the intenor of British Columbia this treatment is given fa mid- 
Bebniary m t he pramo Provinces and eastern Canada, about tie tbirf 
week ^arch. The second and third applications arc made after iuier. 
A^nl ^ further intern! o/aboat35ds;i 

essing 35 days after the fourth is necessary in milder regions 
sue as he interior of British Columbia, where the first applicatioa is 
made m mid-February. The intervals between the third and fourth, and 
fourth and fifth dressings are longer than between the precediag oseSr 
being timed to accord with the lar^'ol development of Hypodenm how 
(DeGeer). 


With regard to the treatment of beef herds for H. lineaia (de W* 
fers) during winter and early spring, the main objection of many ranchers 
is that workmg cattle through s 
chute endangers the calf crop, k 
our experience these fears are bsse- 
less. Ice is a more serious menace, 
hut the danger to stock from slip' 
ping may largely be overcome hf 
sanding the yards. The April t«st- 
ment can be combined with de* 
homing, if this is practiced. 

The Caribou warble fiy is 
mogena tarandi (Linn.) and ^ 
widely distributed over the rangf 
of its host both in northern Eu^ 
and northern North AmcricS' 

HearJe (loc. cit.) states that the s? 

18 yellowish orange in color and has a bee-like appearance. The life feis* 
tory resembles that of the warble fiy of cattle. 

Sheep bots or head maggots. — Oestrus ovis Linn, is a very f 
distributed species. The fiy (Fig. 136) is somewhat more than hah 
size of the honeybee; it is yellow to brownish 'gray in color and 
The abdomen is variegated with brown and straw yellow; the 
brown. It is further described by Osborn as follows: 



Pw. 130 . 1 — The tbeep botfly or bwd 
Gy, Oet/ntt orti (Adapt«d after 
HearleO 


extremely ' : ' ' ■ • | 

anterior ai'‘ . ■ ' 

small eyelets are distinctly visible on the top of the bead. It has no 
cannot, therefore, take any nourishment. The wings are transparent aw 
beyond the body, and the winglets (calyptem) which are quite laiie ® to 
cover entirely the poisers. It is qmte Usy and, except when attemp 
deposit its eggs, the wings are seldom used.” 
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Life history . — The head maggot fly deposits living young from early 
summer to autumn in the nostrils of sheep and goats and may also attack 
human beings. These at once begin to migrate up the nasal passages, 
working their way into the nasal and frontal sinuses often ns far as the 
base of the horns in rams and attach themselves to the mucous mem- 
branes. Here numbers of these whitish grubs may be found wedged in 
closely in various conditions of development. The posterior ends which 
arc unattached present conspicuous spiracles. The grubs reach full 
growth with a length of from 25 to 30 mm. by the following spring— a 
larval period of from eight to ton months. At the end of this time they let 
go, wriggling their way out of the nostrils, fall to the ground, bury them- 
selves in the earth and pupate in a few hours. The pupal period lasts 
from three to six weeks and over. 

Symptoms. — In the presence of the fly the eivccp arc very much ex- 
cited, shake the head, ru«h with their noses between their fellows, push 
their noses into the du«t, enort and otherwise indicate that they arc trjdng 
to escape something that persists in entering the nostrils. Once infected 
there is a purulent disciiargc from the nostrils, rigorous sliaking of the 
head, and perhaps the occasional discharge of a maggot, loss of appetite, 
grating of the teeth and, when the animal walks, the fore feet ore lifted 
in a pawing movement. 

The great majority of the cases do not result fatally, but death often 
comes in a week or lc«s after the appearance of aggravated symptoms. 

Grub-ln-the-hcad is distinguished from "gid,” caused by a larval 
tapeworm, Mulheeps multiecp* (l>eske) tCoenunw cmbrclvi fBalsch)], 
in that the former is always associated with purulent discharges from 
the nostrils, absent in llic latter, and that the e>Tnptoms of the former 


infection is commonly known os "enotty no<c.” 

Treatment. — Materials such ns enufT, pepper, etc , may be introduced 
into the nostrils or sprinkled among the flock, to induce violent fneexing, 
which cau*es the expulsion of many of the larger grubs, Law recommends 
the injection of beniine, lifting the rheep's no*e somewhat and pouring 
into the no«trUs a teatpoonful of the remedy for each nostril. The lower 
no»tril into which Use beniine ts poured Is held shut for thirty seconds; 
the other side is then turned and the treatment repeated. The application 
is rej'cated daily or more oftrn until the maggola are all expelled. 

rreienticn —Use of “sail lop" fo sheep pastures is made by som* 
fheep rai»ejT« Tlie*'' logs are made by boring two-bch holes at Intervals 
of al-rjl six Incbe* along the Icnglli on top Palt is placed into thejo holes, 
«hieh are kept al’^ul lialf fuU, and in turn the edge* of tlie holes art 
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repeatedly emeared with pine tar, or other repellent malerial. In endear- 
ormg to reach the salt the sheep involuntarily smears its nose witS 
the substance, which protects it to some extent against the head mag- 
got fiy. 

Head maggot of deer,— The black-tailed deer {OdocoUe^is cohn- 
buinus Richardson) and other species of deer and elk are commonly af- 
fected with head maggots or nose maggots, species of the genus Ceph- 
alemya, e.g., Cephalemya -pratti (Hunter), The following figure (1% 
137) illustrates the fact that the larv'ac crowd into the sinuses and that 
there arc all sires, from very young to fully grown, present at thesaaf 
time. C,trompe (Linn.) occursin the caribou of both Europe and Amsi- 
ica, while the camels of Egypt are affected by C. maculata (Wied). 

Head maggot of horses. — An important species of head msgsot 
attacking horecs in Russia and parts of Europe and in Egypt h 
Rhinocjtnw pitrpurew (Braucr). Its habits are said to be siimbib 



those of Oestrus ovts Lion. Like other species oI related genera it 
attack man either in the nose or eye. 

Rodent bots. — ^The larvae of the family Cutcrebridae are 
upon rodents, notably wild and domestic rabbits, and mice 

^ . which He the 


commonly severely infested with akin tumors m — 
larvae of Cuterebra cumculi (Clark), C. tenebrosa Coq., and C. 
latoT Pitch, the emasculating, scrotum-inhabiting hot of equirre ■ 
adult flies are robust and bumblebce-Iike, having the ®<^^tellum e o 
the arista plumose or pectinate, the oral opening jujes th^ 

small. There are four genera in this family, one of which ^ 
human botfly, Dermatobia htminis (Linn-) ; the othw t^ee, 
Pseiidogametes and Rogenhofera, are parasitic on ^ 

Warbles in humans.— Humans, notably in Central an ^ 
ica, Mexico and other tropical countries, are rather comm 
with warbles (bots), traceable to one of several sp 
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notably Dcrmatobia homtnis (Linn.) {2?cmafobia noxialts Braucr = 
Dfrmnlobm cyamvcntm {Macq.))» llypodcrma lincafo (dc Yill.), and 
If. bovis (DcGeer) (sec pre\nous pages) . 
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CHAPTER XIX 
LOUSE FLIES 


ObDER DiPTERA (PupIPARa) FXXfUiV Hippoboscid^e 

Characteristics of Hippoboscidae. — ^Thc bloodsucking parasitic 
flies belonging to the f atnily Hippoboscidae are characterized by Willis- 
ton ^ as follows: 


Head flattened, usually attached to an emargination of the thorax; 
short, palpi fonning a sheath for the proboscis, not projecting in front of tiie 
head; antennae inserted in pits or depressions near the border of the ooutb, 
apparently one-jointed, with or without a terminal bristle or long hairs 
round or oval, ocelli present or absent. Thorax flattened, leathery in appear- 
ance; scutellum broad and short. Halteres small or rudimenlaiy. Abdoaeast* 
like, leathery in appearance, the sutures indistinct. ligs short and stroog, 
broadly separated by the stetnian, 
tarsi short; claws strong and oft« 
denticulated. Wings present or 
sent." They are all parasitic in w* 
adult stage upon birds or oanunai-' 
The larvae are pupiparous, but 
nearly the whole of this stage wtms 
the abdomen of the parent, being 
truded when nearly ready to transfix® 
into the mature fly. 

The sheop "tick" of 
Metophagiis ovinus (Linn ), ® ® 
wingless bloodsucking species, 
dish brown in color, about 5 
7 mm. in length, parasitic on eheep 
and goats. The head is 
sunken into the thorax, the body sac-like, leathery and spiny. ( 'o 
138.) 

Life history. — ^The eggs arc retained within the body of the 
ked where the larvae develop in seven days and are extruded fully ^ 
ready to pupate. The extruded larva during the course of a fe^r co 
becomes chestnut brown in color, the secretion with which ifc is 
hardens and serves to glue the pupa firmly to the wool of the hos 
pupae are commonly found on infested animals in the 
shoulders, thighs and belly. Pupae may be found on sheep at a 



Flo. 13S. — ^The sheep tick or louse fly, 
Ifelophagus avtnus. Pups (left), afluU 
(right). X 4 5. 
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of the year, though the time rctiuircd for development in tiic winter is 
longer than in the summer. Swingle,* who has carried on most careful 
observations on this insect, states that pupae require from 19 to 23 days 
to hatch in the summer, whereas 19 to 36 days arc required during the 
winter on sheep kept in the bam and probably 40 to 45 days on sheep 
out of doors. The time required for the females to reach sexual malu* 
rity is from 14 to 30 days and over, when they begin extruding young at 
the rate of one about every seven to eight days. Swingle (loc. cit.) re- 
gards about four months ns the overage life of a sheep tick, during which 
from 10 to 12 pupae arc deposited. 

The whole life of the ked is spent on the host; when off the sheep the 
jn'ccts die in from two to eight days, the majority dying in about four 
days. 

Damage done.— The presence of a few louse flics on the bodies of 
sheep does not materially affect them. Ordinarily the presence of the 
insect is indicated by the fact that the animal rubs itself vigorously, 
bites the wool and scratches Badly infested animals show emaciation 
and general unlhriftmess The injmy to lambs is especially marked 

Control.— Since the principal time for migration from the sheep to 
the lambs is at shearing when the insects are taken off the ho«ls with 
the wool, it is wi«c to take particular pains at this time to store the u ool 
at some distance from the lambs. In.a«miieh os the “ticks” die within n 
week when away from the host and cannot well crawl any great ihelancc, 
tlje above suggestion is well worth con«idcnng. Swingle slates lliat 
“sheep free from 'ticks’ can be kept for months beside a hcaviiy infcstnl 
one with a light p.arlition only three feet high between them without 
becoming infested ... A bunch of females placed in the wool of a 
sheep will be found ;n practically the same place for two days, Male*, 
however, ate more inclined to migrate ” A flock of sheep once freed 
from “licks” can therefore be kept elcan unless infested animals arc 
introduced. 

The writer has reasons to doubt the efliciency of ‘'lime-sulphur" 
•hcep-dip for the sheep “lick." Tobacco dips when u«ed in 0 07 per cent 
solution will cradic.alc sheep “tteks" according to Imes * if two dippings 
arc given with an intctwal of 21 to SSdays between dippings. 

Louse flies of deer.— /.tpcrpfmo depretsa (P.ay) and LtpepUna 
ffrrisi Bequnert [L rubulafo Coq ) are common para»itM of d^cr on llie 
I’nrific fos'l, TIjmc spreirs are smaller than .V cIopKogus onaui (I.inn ) , 
oll,erwi»c rt«embling it; they are wingle** when cslabhri.cd on the ho?t 
but have wrll-devclopcd filmy wing* on emergrr.ee. (Fig. 139) Thc«e 
jnra»tlcs have iK+n found in chains, three or four attached to each other, 
ll'.c first fly drawing blood from the hml, ih'* swnd with its prolo'ess 
Ihnwt into die aWomen (dor*.allT) of the first, the third drawing ca the 



MEDICAL ENTOMOLOGY 

TsTw-T/ Upoptmacervi (Linn.), Wa 

as the deer ked, is reported to be a common species on European deer, 
and according to Bequaert ‘ has become naturaiired in a few localities of 
the northeastern United States on the Virginia white-tailed deer. Uvo- 
ptena mazamae Rondani occurs on deer in South and Central America 
and in the southeastern United States. 


The Genus HinponoscA 

The eight species of the genus Hippobo&ca reco^ized as valid by 
Bequaert® are found in Africa; fourc^nd into the Oriental region and 
two have entered Europe. 

The wings are always well developed in the genus and are functional 
throughout adult life. With the exception of the ostrich louse Hippo' 
hoscu struthionis 0. E. Janson, the species of this genus are ectoparasites 
of mammals. Except for H, slruthionis 0. E. Janson, host specificity is 



Pio. 139. — Louse fly of tte fleer, or deer tick, Lipopiena depretsa, Bhowtns •ffingless 
inifefl form. X 5. 


not very pronounced. The full-grown larvae of /ftppofiosca are evi- 
dently not placed among the hairs of the host, but according to Bequaert 
they are deposited in cracks of walls, holes of trees, or on the ground. 

Hippohosca equina Linn, is a common species in England and is 
known as the “forest-fly.” It is usually found on horses, mules and don- 
keys, sometimes on cattle and other animals. H. rw^pes y. Olfers is a so 
primarily a parasite of equines and occurs in South Africa. 

mppobo^ca capensis v. Olfers is a louse fly reported by Bequaert 
to be commonly found on domestic dogs, especially oa the psnsh^ ogo 

India. It is also common in many parts of the Mediterranean region. 

Hippobo&ca maculata Leach occurs on domestic cattle and cqume 
and is widespread in distribution. H. Juiva Austen off the ha ^ 
known only from its type locality, northsastem , 

Austen is reported to be a parasite of the water bucks and allied autelopr 
of Africa. 


LOUSE FLIES 


379 


Htppo6o5ca struthionu 0. E. J&nson is specific to the ostrich and is 
abundant on its host in South Africa, H. camelina Leach is a parasite 
of the camel and dromedary. 

Lousb Flies of Birds 

The pigeon fly, Pseudolynchia canatiensis (Macq.) [X/ynchia maura 
(Bigot) = Olfersia maura Bigot], is an important parasite of domestic 
pigeons throughout the tropics and wanner regions of the world. It is 
found throughout the south of the United States and California. The 
dark brown flies have long wings, 6.5 to 7.5 mm., and are able to fly 
swiftly from the host but usually alight near by. They move about 
swiftly among the feathers of the host and bite and suck blood from 
parts that are not well feathered. 

The mature larvae, at first pale yellow and later jet-black in color, 
arc deposited on the body of the bird while it is quiet, but they soon roll 
off and collect in the nests. Bishopp • gives the duration of the pupal 
stage at from 29 to 31 days when the mean daily temperature is about 
73® F. Thus the thorough and regular cleaning of the nests at intervals 
not to exceed 25 days is probably the most important single step in con* 
trol. The pupae are very resistant, hence ordinary insecticides are of 
little use. Bishopp * states that "one of the most effective and easily 
applied treatments for squabs is /resh pyretbrum powder, one to three 
pinches, depending upon the site of the squab, scattered among the 
feathers.” Flies m cages and buildings may be destroyed by using a 
spray of kerosene extract of pyrethrum, i e., ordinary fly spray. 

In addition to its parasitic habits the pigeon fly is the vector of pigeon 
malaria caused by //aemoprofeus columbae CelU and San Felice.^ 

Pscudoiyncftio brunnea (Latrcille), also referred to as the pigeon 
louse fly, is regarded as a distinct species by Bequaert.® It is very dark 
brown in color, often nearly black. 

Lynchia hirsute Ferris is a common and abundant parasite of the 
Californian valley quail, Lophortyx califomica califomica Shaw, and 
has been shown by OHoke * to be a vector of quail malaria caused by 
Haemoproteus lophortyx O’Roke. 

Stiibomstopa impressa (Bigot) is also a parasite of the Californian 
valley quail. Lynchia fusca (Macquart) is a parasite of the owl, Bubo 
uirpiniantw paci^ficus Cassin, in California and has been experimentally 
shown to be a vector of quail malaria by Herms and Kadner.^® The flies 
feed readily on quail and deposit their mature larvae freely on these 
birds. The incubation period of the infection in the fly was found to be 
from 9 to 13 days and in the quail about 25 days. 

Lynchia americana (Leach) is characteristically a parasite of owls 
in North America.** 
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Bat flies are pupiparous faloodspcking parasites belonging to the 
family Streblidae, Except for one known species occurring on doves and 
parrots (Strebla avium Maeq.) they are all parasitic on bats in tropical 
and sub-tropical climates. The members of the family may be separated 
from the Hippoboscidae by the large leaf-like palpi wMch project in 
front of the head and do not form a sheath for the proboscis. They differ 
from the Nycteribiidae (the apider-Hke bat flies) in that they do not 
have the head resting in a groove on the dorsum of the thorax. Littie is 
known about the life history of these insects. The species of the family 
Streblidae have been reidewed by Kessel.'® 

Spider-like bat flies belong to the family Nycteribiidae. They are 
very small (2 to 3 mm, long) wingless spider-like parasites of bats. 
Except for a very few species described from North and South America, 
ttiey are primarily parasites of Old World bats. Ferris ** has reviewed 
the New World species. 
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CHAPTER XX 


FLEAS 

Order Siphonaptera 

General morphology. — ^Fleas are laterally compressed^ wingless, 
highly sclerotized, small, bloodsucking ectoparasites belonging to the 
order Siphonaptera. In size the commoner species vary from 1 .5 to 4 mm. 
in length. The males are as a rule somewhat (olten considerably) 
smaller than the females. The posterior pair of legs is strikingly adapted 
for leaping. Chigoe fleas are able to burrow partly into the skin of the 
host, hence are largely sessile. 

The head bears the mouth parts (Fig. 28) of which the pair of tri* 
angular blade*Uke maxillae with maxillary palpi ate conspicuous ele- 
ments. The head also bears the inconspicuous annulated knob-hke 
antennae which lie in grooves. Compound eyes are lacking, but simple 
eyes may or may not be present. Bristles near the eyes (ocular bristles) 
may be used in classification. In some species a conspicuous row of bold 
spines (cfemdium) are located just above the mouth parts (penol 
ctenidio). (Fig. 140) 

The thorax presents a number of sclerites (plates) , the dorsal being 
known as tergites, the ventral as stemitei, the lateral plates as pleurifcs. 
As in other insects the thorax is divided into three segments, pro-, 
meso-, and metathorax, each of which beats a row of spines situated 
posteriorly and pointed backward. In certain species the pronotum 
bears a row of heavy spines known as the proAotal clenidium. 

The abdomen consists of ten segments which, like the thoracic seg- 
ments, are made up of plates, tergites, stemites, and concealed plcurites ; 
rows of backward-pointing spines are present. On the apical edge of 
the eeventh tergite occur the antepygidial bristles. The ninth tergite 
consists of a peculiar pincushion-like structure known as the pygxdium 
which is probably a sensory organ. 

The male terrainalia are particularly important in classification. 
Among the parts to be observed are the claspers, movable and non- 
movable portions, and the manubriwii. (Fig. 141.) In cleared specimens 
the -pring-Uke penis may be seen lying in the region of the fifth and sixth 
segments which in copulation projects out from between the upper and 
lower claspcrs. The females possess a sacculated spcrmatheca, situated 
in the region of the eighth or ninth segment and easily visible in cleared 
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specimens. Some species have tvfo spermathecae. This organ is char- 
actenstjc for many species and is, therefore, an important taxonomie 
character. (Figs. 141 and 142.) 

The legs consist of five joints, via.; the com, the joint nearest the 
body; the trochanter, a very smaH segment; the lemur; the Hhk 
(strongly spined) ; and the five-jointed tarsus terminating in a pair of 
ungues or clan's which way be considered as a sixth segment. 

Digestive tract.— The pharynx or buccal cavity is sitnated within 
the head, receiving the food from the mouth parts. The hypophttrynx 
is a smali, ventrally concave sclerite prolonged anteriorly where it is 
perforated fay the salivary duct. Then follows the aspiratory pharyra 
which fay means of powerful muscles aspirates the blood from the wound 
and on relaxation carries it to the long narrow oesophagus which begins 
in the region of the brain and pas.'^cs through the circumoe.sophageal ring. 


Appendix of Spefmafhec* 



Flo. 142.-~TShowing copuUtory organs of ycsojisjfllat /asetalus, female. (After Fos) 


The oesophagus opens into the stomach through the bulbous proven- 
triculus which is provided inlenially with radially arranged (seveo 
rows) hair-like chitia-covered processes {Tig. 14,4} which, when the 
encircling bands of muscles contract, cause them to meet and form n 
valve, thus preventing regurgitation from the stomach. The Btomac^ ^ 
a capacious distensible organ nearly as long as the abdomen exspvy^ 
into the short intestine which in turn empties into the wide rectum wi 
its six rectal glands. Where the stomach joins the intestine, four filmeti' 


tous Malpighian tubules arise. 

Life history.— The eggs of a flea are comparatively large (.5 
long), glistening while and rounded at both ends. ^ 

from 3 to IS, are deposited at one laying; however, during the ^ 

time of a female the number may be quite considerable. ^ . 

records a total of 448 eggs over a period of m days deposited by 
female human fiea, Pulex irritans Linn.^ ^vp^'thou^ o'd' 

which do not become attached to the hairs of the hos 
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position takes place on the host. Other species of fleas seldom oviposit 
among the hairs of the host, preferring the nests of the hosts where flea 
excrement occurs. Captured fleas rrill readily oviposit in glass vials or 
other receptacles in which they are trapped. If deposited on a dog or 
cat the eggs fall off readily when the animal stretches and shakes itself; 
thus myriads of eggs may be found on the sleeping-mat of a fiea-infesled 
animal. Temperatures of BS'* to 80** F. when combined with a fairly 
high humidity, 70 per cent and over, appear to favor egg laying. The 
incubation period varies from two to twelve days. 

High mean temperature from 35® G. lo 37® C. inhibits development, 
which may account for the fact that the eggs do not hatch well on the 
host. At a temperature of from 17® C, to 23® C. Mayne (Mitrmain 
found that the egg stage lasted from seven to nine days; at from 11® C. 
to 15° C. it lasted about fourteen days. Atlantic coast observers have 
found that this stage may be completed in from two to four days. 

The embryo is provided with a sharp spine (egg burster) on the head 
by means of which the eggshell is cut into shreds by a tumbling motion 
of its inhabitant, which is thus liberated The larvae are very active, 
slender, IS-segmentcd, yellowish white maggots, with scgmentally 
arranged bristles. The mouth parts are of the biting type and the newly 
hatched larvae of some species, c g , iVosopiyUtw fasdatus (Bose) , may 
subsist wholly on the feces of the adult fleas. Very little food seems to 
be necessary for their development, though excrementous matter, c g., 
feces from rabbits, rats, squirrels and other rodents, also dry blood, 
sprouting gram, etc , may be used as food. Excessive moisture is cer- 
tainly detrimental to the life of the larvae, although a high percentage 
of moisture in the air is needed. The larvae are frequently found in 
houses in the crevices of the floor under the carpet or matting, also in 
stables, coops, kennels, neats of rodents, pig pens, etc. When conditions 
are favorable, the time required for the larval period may be but 9 to 
15 days; if unfavorable, it may extend over 200 days. At the end of the 
active feeding period when full growth has been achieved, the larva 
enters a quiescent stage, spins a cocoon and pupates. The cocoon is 
whitish in appearance and so loosely ^un that one may see the pupa 
within it. 

The pupal period is influenced by temperature and varies greatly, 
from as short a period as seven days to nearly a whole year. The life 
cycle accordingly may vary from as short a time as IR days to many 
months. 

Mayne (Mitzmain 1910 *) observed one individual of the squirrel 
flea, Diamaniw montanus (Baker) (Cerafophyllus octitws Baker), from 
the moment the egg was laid to the emergence of the adult flea, securing 
the following data: incubation period of the egg, 8 days; first instar 
larv'B, 6 days; second instar larva, 10 days; third iostar larva, 12 
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Longevity of fleas.— Bacot (loc. cil.) states that with nearly satu- 
rated air at 45® to 50® F . Oeas can five for many days unfed. He reports 
that Pulex irriians Linn, survived for 125 days, Nosopsyllu^ fasdatm 
(Bose) for 95 days, Xenopsytla cheopis (Roth.) for 38 days, Cteno^ 
cephalides canis (Curt.) torSSd&ye&ndCeratophyllua gaUinaeSchrank^ 
for 227 days. If fed on their natural host, P. trnfans Linn, may Jive 
upwards of 513 days, N. fasctalus (Bose) for 306 days and X ckeopis 
(Roth.), fed on roan, 300 days. Ctcanis (Curt.) and C. gaUinaeSchrank 
have lived for periods of 234 and 345 days respectively when fed on 
roan. Thus Bacot indicates that (he maximum possible length of life 



JPlo. 143 . — Sbotriag Jile bistorj' of s Sea: egg, apperleft; lam, center; p»pa. 
J«(t; female, upper right;; male, louver right. 


of the various species mentioned is 966 days for Pulex tm'ians Ljm , 
738 days for Ctenocephalides canis (Curt.), 680 days ior NosopiV^^''^ 
fasciatus (Bose), 481 days for Ceratophylliis gallinae Sehrsnk, br 
376 days for Xenopsylla cheopis (Roth,). In a moist medium such es 
wheat grains and sawdust Moyne {Mitsmain 1910 loc. cit.) has 
squirrel fleas alive from 38 days in one case to 65 days in another, e 
former a maie, and the latter a female. Male rat flesi fed on 
blood alone averaged eight and one-half days (maximum 17) o i > 
and the females 34 4/5 days (maainom 180). 

Hosts and occurrence o! species.— As will 
ter, the rodent fleas are most important from the pubhc hea ^ 
point, and ready transference from host to host of difTerr nt specie 
much to the danger of disease t 
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"While it is true that ordinarily a certain species of flea predominates 
on a given species of host, e.g., Ctenoc&^alides cants (Curt.) on the dog, 
and particularly the cat. Kozopsylha jasdatus (Bose) on the rat in 
Europe and the United Stales, Xenoysylla cheopis (Roth.) on the rat in 
Asia, Ctcnopsyllus segms (Schon.) on the mouse, Pxilcz irritans Linn, on 
the human, etc., host specificity in fleas is not strongly marked in many 
species. 

In an unpublished report to the writer on the species of fleas found 
on rats in San Francisco, Rucker states that a great preponderance of 
the rat fleas recovered in San Francisco were Nosopsyllus jasciatus 
(Bobc) as based on 10,972 specimens os follows* 


Nosopsylltis liMciatiti (Bose) 6807% 

X'cnops^l^a cAcopw (Roth ) 21.36% 

Pu^ez irntons Linn 5 57% 

Ctenopsylius segms (Schon ) 4.48% 

Ctenocep/iaWes can« (Curt ) 0 52% 


The following tables (Tables IX to XV) adapted after McCoy* 
throw much light on the interchange of hosts and the predominance of 
species: 


TABLE IX 

From Brown IUts [Holtus n norvegkw (Ebxisben)] 


MtU 


Mat* {F*m*l* 


Mtl* IPmalVt M»l« Iptmtl*' 


TABLE X 

From Black Rats {RoIIhs rattus rattus (Linn )) 


M*le tVcmklel 


Mtle iFeatsl*] M»le IPodbI*' 


MM* iFcmM* 


TABLE XI 

Faoii Mice muscutua Linn ) 

From an unknown number of Jlftij mwcu/uj Linn. 




M»l* jF*mal« 



X <hror>* 


Mate |Fcinalc| 



P imfORi 


Male (F emale 



C. leamt 


Mat* 


|Female| 


i 10 
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TABLE XII 

Fimsi CiuroiiNU GnoONB SQBJnittM (Citellus heedieyi beeclieyi 
{RrcirAUDsoN)} 


No o{ i 

' equirrels 

comhtd 

Hiamartut | 

unenlonti* 

lloviowUti* 

onomolut 


llllyQnH 



■MM 

132 

B 

Mi 


M 


TABLE XIII 

T ROM TJiB Doo (Cania familiaris Linn.) 


No combed! 

1 Ct esni« j 
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TABLE XIV 

Frosi the Cat (Felts domesU'ea Ljkh.) 


No. wmbt<l 1 

CttnoetphaXiit$ftUi j 
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■mi 
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TABLE XV 

FnoM Man (Homo sapiens hxNN.) 


No o\ ^ 

j P irrifariM 

1 Ct. ftlu 

Ct. COM 

1 n. menti'"/* 


•Male 1 

Female 

Male 

1 Female 

Male ( Female | 

Male 

Female 

23 

HI 1 

320 

1 

1 " 

1 > ! ' 1 

1 i 
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Plague is an acute infectious disease caused by Pasteurella 
rium) j>estt3 (Lehman and Neumann), (Atlas u. Grund. d. Bakt., IS > 
p. 194). It is essentially a disease of rodents, usually transraitleo > 
rodent fleas, but it may under certain conditions affect man. ® 
name bubonic plague is used when inflammation of lymph g 
results and buboes are formed; these are the first foci of 
. fection and may remain so localised and cause little discom or . 
buboes vary from 2 cm. to 10 cm. in diameter and are ■I' ^wa- 
in the groin (femoral glands) and axilla (axillary glands). * 
sion of the blood stream occurs, a secondary pneumonia may e 
and pneumonic plague may be produced. This form of p ague 
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transmitted from man to man as droplet infection and is not dependent 
upon either rodents or fleas. Pneumonic plague is almost invariably 
fatal. 

A third type of plague is known as septicaemic v^ogue, a fulminating 
type, due to invasion of the blood stream, which runs a very rapid course ; 
death results before local signs are evident Wu ® states that "this ful- 
minating t)T3e of plague is met wth in pneumonic as well as in bubonic 
epidemics. Fulminating instances in pneumonic outbreaks are often 
peculiar to the final stage and are presumably instrumental in bringing 
about a spontaneous decline of the epidemic as droplet infection is ab- 
sent, the patients succumbing before cough develops." 

The first recorded pandemic of plague according to Wu (loc. cit.) was 
that of Justinian in the sixth century, starting in Egypt in 542 a.d and 
spreading to Constantinople It lasted fifty to sixty years, and its vic- 
tims are estimated at 100,000,000. The second plague pandemic, the 
"Black Death," took place in the fourteenth century in Europe and 
claimed 25,000,000 victims or about one-fourth of the population. In 
Great Britain from half to two-thirds of the people perished. The great 
plague epidemic of London, 1664-1666, is said to have killed 70,000 
persons out of a total papulation of 450,000. Plague disappeared from 
England in about 1680, having been almost continuously present for 
nearly 140 years, with five epidemics 

Gradually this infection receded from Europe and the Near East, and 
as Wu (loc, cit.) points out "the existence of endemic foci, comparable to 
stagnant pools left behind by the lowering tide, was recognised . . . 
we now know a whole series of endemic plague foci, usually with epi- 
zootics among the wild rodents situated near or even contiguous with 
Central Asia ... the whole of this vast territory with its hosts of wild 
rodents might be compared with a heap of embers where plague 
smoulders continuously and from which sparks of infection may dart 
out now and then in various directions/’ The present pandemic is be- 
lieved to have originated in a wild hibernating rodent, the tarbagan 
{Arctomys bobac Schreber) in the interior of China some forty years 
ago and began as an epidemic in Hongkong in 1894 and was transported 
along world trade routes to many parts of the globe. The rat, as trans- 
ported in commerce, constitutes the chief means of spreading the disease, 
the infection being canied from rat to rat by means of fleas. For this 
reason plague may appear in a city far removed from the original focus 
of infection. 

The answer to the question, "Is the disease in man and rodents identi- 
cal?" was not forthcoming until 1894 with the work of Yersin and 
Kitasato in Hongkong. The former found the organism in the corpses of 
dead rats and according to Wu ga\’e the first detailed and accurate 
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description of Pastenrella pesiU, Yerain calling it Bacille de la pestc 
(Annales de I’lnstitut Pasteur, Vo]. 8, J894, p. 666). To Kitasaio, 
Wu states, we owe the earliest account of the organism, as he found the 
plague bacilli in the “finger blood of a patient with axillary bubo.” 

The disease.— Chun (loc. cit.) gives the period of incubation from 
two to ten days; the onset usually occurs within a period of three days. 
Fox in “Insects and Disease of Man "page 294 (P. Blakiston’s Son & Co., 
by permission), describes the disease as follows; 


'Tt develops suddenly with a rapid rise of temperature, reaching J03° or i04“ F. 
in two or three days, after which it is more or less irregular. There is headache, 
the eyes are injected and the facies are characteristic of extreme illness. Prostra- 
tion is profound and comes on early. DcHriura also appears early. The charac- 
teristic lesion of the disease, the bubo, usually is sufficiently pronounced by the 
second day to be readily detected. The most common site for the bubo is the 
femoral or inguino-feraoral region, then the .axillary region, cervical, iliac and 
popliteal Over the enlarged glands oedema appears and pressure elicits great 
tenderness. The individual lymph nodes cannot be palpated. This s^-elling 
forms the primary bubo Secondary buboes may appear in other parts of the 
body. In these, the glands are not matted together as in the primary bubo 
Four forma of skin eruption may be described— s petechial eruption, ccehy- 
moses. a subcuticular mottling, and the so-called plague pustule ... a bulboua- 
hke formation containing thin, turbid material teeming ■n'ith plague bacilli It 
IS believed to indicate the original point of insulation, the flea bite. Extending 
from this to the nearest IjTnphatic glands faint red lines indicating lymphangitis 
may be observed A secondary pneumonia due to the deposit of plague bacilli 
in the pulmonary tissues may occur In about a week if the patient sunnves, 
the bubo breaks down leaving an ulcer which heals slowly.” 


Fleas as vectors. — Ogata ® in 1897 came to the conclusion on epi- 
demiological grounds that fleas were the agents of transmission, point- 
ing out that fleas leave the rat as it becomes cold after death and so 
may transmit the virus direct to man. He pointed out that the flea can 
ingest plague bacilli while feeding, having produced plague in niice by 


injecting an emulsion of crushed fleas taken from plague rats. 

Siraond ^ in 1898 was the first to succeed in transmitting plague from 
a sick rat to a healthy rat through the agency of infected fleas. Simon » 
work w’as discredited for several years, but was successfully repea e 
by Verjbitski * in 1903. ^ . 

Liston ® in 1904, ivorking in Bombay, came to the following cone u 
sions; (1) There w-as one flea infesting rats in India far more 
than did any other, xdz., Xenopsylla cheopis (Roth.) , . f 

when feeding on a plague rat harbored the plague bacilli in , 

and that these multiplied therein; (3) that where fatal plague oc | 

many of these infected fleas were at large, and (4) that a , 

epizootic of rat plague, man was also found to harbor t ese ra 
might become infected as had the guinea pigs used m t e expen 
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The following is a very brief summary of experiments conducted by 
the Indian Plague Commission before and after its organization in 1905. 

In the first instance healthy rats were confined in close proximity to 
rats which, inoculated with plague, were b^inning to succumb to that 
disease and were artificially infested with rat fleas [X cheopis (Roth.)}, 
The separate confinement of the rats in each case was so arranged that 
both contact with and access to all excreta were excluded, although it 
was provided that the fleas could pass from the inoculated to the healthy 
rats; this transfer actually did take place, and in many cases these fleas 
contained virulent plague bacilli; and when healthy nonlmmune rats 
were thus infected they died of plague to the extent of 79 per cent, this 
extent of infection fell to 38 per cent, when partly immune rats of local 
origin were employed. 

That the plague had originated in the healthy rats through the inter- 
mediary of the rat fleas was further demonstrated by the fact that when 
these were actually transferred from artificially plague-infected to 
healthy English rats, the disease developed in 61 per cent of the latter. 

Further, on constructing a series of mmiature houses so as to 
reproduce the conditions pertaining to ordinary domiciles, it was found 
that whenever these were so constructed as to admit rats to their 
roofe, but not to their interiors, guinea pigs confined therein became suc- 
cessively infested with rat fleas and infected by plague, but that in those 
houses to which rats could not gain access plague was originated in 
guinea pigs living thcrem, either by transferring rat fleas to them, de- 
rived from plague-infected guinea pigs, or by an accidental admission of 
rat fleas from other sources. Also, when so confined, guinea pigs had 
under these conditions died of plague; healthy flea-free guinea pigs, 
subsequently introduced, became infected, and the infection remained 
in the place in proportion as the test animals were accessibie to, and 
were found to be infested with, fleas: in other words, that “if the fleas 
be present, the rate of progress is in direct proportion to the number of 
fleas present.” Further, that when healthy guinea pigs were confined 
m one of the houses, to the interior of whose roof fleas could not gain 
access, they became flea-infested and infected when running on the 
ground, but to a less extent when the cage was placed two inches there- 
from, and not at all when it was suspended two feet above it. The fact 
that infection took place where pigs were located two inches above the 
ground indicates that contact with infected soil is not necessary for 
plague to originate, and that "an epizootic of plague mightetart without 
direct contact of healthy with infected animals." 

To demonstrate that this communication of plague from guinea pig 
to guinea pig was through the intermediary of fleas, rat fleas were taken 
from a morbid guinea pig and allowed to feed through muslin on healthy 
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animaJs. The positive outcome of this experiment proved the truth of 
the above statement. 

The state of affairs that existed in actual domiciles in which plague 
occurred or had existed was next inquired into, advantage being taken 
of the fact that plague-susceptible guinea pigs would serve as hosts as 
well as for the collection of fleas. 

Guinea pigs free from fleas were introduced into rooms in which 
persons had died of plague, or from which piague-iafected rats had been 
taken. They were allowed to be at large in these rooms for periods of 
from 18 to 24 hours. These guinea pigs not only collected the fleas on 
their bodies, most of which w'erc rat fleas, but 29 per cent of them con- 
tracted plague and died of plague within a few days after being restored 
to ordinary confinement. As before, many of the fleas which they yielded 
harbored plague bacilli in their stomachs and were capable of infecting 
additional animals. 

Further, after first washing the floors and walls of the rooms with 
an acid solution of mercuric chloride anti so adequately disinfecting 
them for plague, but not for fleas, and then introducing guinea pigs, 
these became plague-infected when rat fleas were present. 

That the infection was actually due to fleas was also shown by the 
positive results when fleas collected from rats occurring in plague- 
infected houses were transferred to healthy rats or guinea pigs in the 
laboratory. These in due course became infected and died of plague. 

Similarly fleas taken from the clean guinea pigs allowed to run in 
pfague-infected houses, and transferred to fresh animals, communicated 
plague to them in eight out of 40 tests. 

In the next place plague-free white rats, guinea pigs and moneys 
were placed in enclosures, which precluded contact as well as soil in* 
fection in plague-infected rooms, pairs of one animal or another 
used in each of the 42 experiments of this class conducted, one indiyidua 
being confined to a flea-proof receptacle and the other to an 
one accessible to these insects (one animal being thus a control), a ^ 
latter case plague resulted in four instances, or 10 per cent gave pcsj » 


As a variation of the same experiments the enclosures for m , 
animals, while protected from soil or contact infection, were s^ 
as a screen to fleas by two and one-half inches of “tenglefoo o 
unprovided with this protection, the "tanglefoot* bemg 
sand. (Twenty-nine experiments were conducted.) In e 
the animals became infested with fleas, one having as many ' 

became fatally iafected with plague. In the former, 
found OD only three of the rats and no animals became p 
Examining the fleas entrapped, 247 in number, i 
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147 were human fleas, 84 were rat fleas, and 16 cat fleas. Moreover, a 
large proportion of each kindVas examined. No plague bacilli were 
found in the cat fleas, one only in 85 of the human fleas was infected, and 
no less than 23 out of 77 of the rat fleas harbored plague organisms. 

It was also shown that, when rats in the course of an epizootic died 
of plague, the pathological features manifested in their bodies corre- 
sponded to those exhibited fay artificially rafa-flea-infested animals, and 
hence it was inferred that in nature and under experimental conditions 
the animals had alike succumbed to a single agency. This similarity 
especially related to the site in which buboes arose, as in both instances, 
where the place of inoculation could be observed, it was the same. 

Further observations. — Blue^® reports a number of observations 
made in San Francisco during 1906, namely, two small boys found the 
body of a dead rat in an unused cellar; the rat was buried with unusual 
funeral honors and in forty-eight hours both were taken ill with bubonic 
plague. Again, a laborer picked up a dead rat with the naked hand and 
threw it into the bay. He was taken ill with plague three days later. 
The case of a physician’s family is also cited in which foul odors per- 
vaded their second story apartment over a grocery store. On removing 
the wainscoting around the plumbing to ascertain the cause of the odor, 
two rat cadavers were found in the hollow wall. In two or three days 
thereafter the two members of the family who used the room sickened, 
one dying on the fifth day of cervical bubonic plague. Blue believes that 
the removal of the wainscoting set free infected rat fleas. 

The following instance is reported in the United States Public 
Health Reports (November 7, 1913, page 2356) : a fatal case of plague 
occurred in Manila (P. I.) in the person of an American, editor of the 
Manila Daily Bulletin. A plague rat bad been found on September 6 
in the block adjacent to the one in which the newspaper offices were 
located. The editor was admitted to the hospital September 19 and died 
at the Plague Hospital three days later. A mummified rat was found 
in the desk of the late editor, together with live fleas, Xeno'psylla cheopis 
(Roth ) . Both the fle— and rat revealed bipolar staining organisms, and 
inoculations into healthy laboratory rats^produced typical cases of 
plague terminating fatally. 

That the mummified rat must have been dead at least two weeks and 
that the live fleas contained plague bacilli suggests “strong proof that 
plague might be introduced into a country without either the importa- 
tion of human or rat cases of plague and that fleas might be alone con- 
cerned.” 

Role of the flea in plague transmission. — ^The Indian Plague Com- 
mission showed that the average capacity of a flea’s stomach (Xenop- 
sylla cheopis (Rotli.)] was .6 cubic millimeter, and that it might 
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mine whether or not the results would be constant for any length of time. 
Eskey points out that there seems to be danger of infection from 
vinilent plague organisms present in the feces of all plague-infected 
fleas. 


Stifl another possiWe mode of transmission which applies, however, 
only to transfer from rodent to rodent, has been suggested by various 
workers, namely, that of crushing infected fleas with the teeth, with 
infection through the mucosa of the buccal cavity resulting in lymph- 
node involvement in the region of the neck. 

Ground squirrels and plague, — PJague has been found in a number 
of species of rodents other than rats. In California the disease was 
demonstrated in ground squirrels [Ctiei^us beeche^ beecheiji (Richard- 
son)] under natural conditions in 1908 by McCoy.” According to this 
author at the time of his writing (1910), about a dozen persons had 
contracted the disease under circumstances that pointed conclusively 
to squirrels as the cause. The two species of fleas commonly infesting 
the ground squirrel in California are Diamanus montanus (Baker) 
{Cerato-phylhis ocutus Baker) and Hoplopsyllus anomalus Baker, ef 
which the former is far more numerous. McCoy proved the flrst«nsmcd 
species a carrier as follows: he inoculated a ground squirrel subcutane- 
ously with a broth culture of P. peztis derived from a human esse of 
plague. This squirrel died on the fifth day, but three days before its 
death, 100 fleas fiD. monfams (Baker)] were put in the cage with it. 
The dead animal was removed from the cage while warm, and 27 live 
fleas taken from its body. Smears made of the crushed bodies of two of 
these fleas showed an abundance of pest-like bacilli in each. The re- 
maining 25 fleas were put into a clean cage with a healthy squirrel. This 
animal died of subacute plague 30 days later, the buboes being in ih® 
region of the median, posterior inguma! and pelvic glands. A pure tul* 
ture of P. pestis was obtained from the liver. McCoy states that the 
experiment is conclusive in showing that D. montanus (Baker) may 
convey plague from a sick to a healthy squirrel. The squirrels used 
the experiment were kept in quarantine for at least a month prior tot 
being used, which was necessary to e.xclude any naturally infected ones. 
McCoy found the bacilli in squirrel-flea feces four days after remova 


of the fleas from the host. , . 

Sylvatic (seJvatic) plague.— The designation sclvatic 
proposed by Ricardo Jorge (1928) (see Chapter I) for the p agueo 
rodents. Fieas play an important rSIe in transmission from xm 
rodent and consequently in the endemicity of the disease, 
known that under certain ecological conditions in vacate sqm 
rows fleas may continue to harbor rinilent P. peshs 
thus providing a virtual insectan reservoir for the infection u 
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vatic conditions. Fleas have been known to survive though starved for 
more than six montlis (196 days). 

Aside from the matter of flea transmission it is important to bear in 
mind that the great epidemic of plague in Manchuria resulting in 60,000 
deaths in 1910-1911 was of the pneumonic type and sprang from the 
wild tarbagan, Arctomys hohac Schreber (Siberian marmot), which W'as 
hunted for its valuable reddish brown fur by numerous Chinese hunters 
unfamiliar with its dangers. The mountainous portions of Central Asia, 
i.e., portions of Siberia, Mongolia, Tibet and Manchuria, are regarded as 
the original home of plague, and the tarbagan as well as its flea parasites 
play an important r61e as reservoirs of the infection. These large rodents 
are about half a meter in length with a bushy tail about 15 cm. long. 
It is pointed out that the low body temperature of the tarbagan during 
hibernation enables the animal to sunuve and thus to carry over the 
infection from one season to the next, and the flea, Oropsylla silanticm 
(Wagner), as well as perhaps other bloodsucking ectoparasites trans- 
nuts the infection from animal to animal. 

Comparable endemic foci of sylvatic plague occur in South Africa, 
where the gerbilles (Muridae, Gcrbilhnae) belonging to three genera, 
particularly Tatera, eg, Tatera lobengulae De Wint.; also the multi- 
mammate mouse, Mastomys coucha (A. Smith) (Muridae, Murinac), 
and their flea parasites play the leading r6le.’* In the Russian steppes 
the susliks, Spermophdus refuscens and other species fSciuridae) and 
their flea parasites, CiUllopkilus tezquomm (Wagner) and Niopsylla 
setosa Wagner, play a eirailar role. In North America, os already ex- 
plained, ground squirrels {CiieUus app.) (Sclutldae) and their fleas, 
e g , Diamanns montanus (Baker) (CcrafopAyllus aewfus Baker), may 
be important reservoirs of sylvatic plague. In South America, the cavy, 
Cavia asperea Pallas, and its fleas, e.g., Jthopalopsyllus cavicola 
(Weyenb.) , play a similar rSle, 

Sylvatic plague thus remains localized, and in each endemic region 
a particular native animal or group of animals (rodents) maintains the 
infection and when other small house-invading rodents such as mice and 
rats come in contact with such a focus, the infection may be carried to 
human habitations, and human cases may result; or likewise if humans 
invade the territory of sylvatic plague, infection may also occur. Under 
such circumstances man occasionally contracts the infection by direct 
contact with infected rodents resulting in pneumonic involvement. 

Wild rodent fleas. — Dunn and Parker ” made an interesting study 
of the flea infestation of a variety of species of wild animals in the Bitter 
Root Valley of Montana. Oropsylla (s^Ceratophylltis) idahocnsis 
(Baker) was found infesting a large percentage of the 0-4 ground squirrels 
[Ciifflu? columbianus (Ord) } examined, the average per animal being 
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3.86. While 0. idahoensis (Baker) was by far the most common species 
of flea on this species of ground squirrel, six other species were taken in 
order of abundance, viz.: Opisocrostis tuherculatus (Bakev) , Neopsylh 
inoptna Roth., Monopsyllus eumolpi (Roth.), Cediopsylla inequalis 
(Baker), and iWonopsi/iiusvtson (Baker) (one specimen). Itis of inter- 
est to know that these authors took Oropsylla idahoensis (Baker) from 
the following species of wild animals: cottontail rabbits, Sylvilagus n. 
nuttallii (Bachman); snowshoe rabbits, Lepus bairdi Hayden; pine 
squirrels, Sciurus hudsotiicus richardsoni Bachman; woodchucks, Mot- 
mota /. jiaviventer (Aud. and Bach.) ; and the bushy-tailed woodrat, 
Neotoma e. cinerca (Ord). The woodchuck showed a heavy infestation 
(average 15.47 per animal) of Tkrassis acamantis (Roth.). Observa- 
tions made on the marmot in California also show a heavy flea infesta- 
tion, averaging 26.57 fleas per animal according to unpublished data by 
Stewart. 

Pearse in his study of fleas on rodent hosts in Nigeria concludes 
that 

"the ecolopcal factors which are associated with a high degree of infestation 
are dry climate or habitat, the occupation of a more or less permanent borne 
by the host, and large size of the host. Factors associated with low degree o| 
infestation are wet climate or habitat, lack of permanent abode of host, small 
size of host, and wandering or arboreal habits of host." 

While the California ground squirrels, Citellus beeckeyi beecheyi 
(Richardson) , have a number of species of fleas infesting them, among 
these Diamanus montanus (Baker), Hoplopsyllus anomalus Baker and 
Malaraeus telchinum (Roth.), there is usually a preponderance of tb® 
first-named species. Woodrats {Neotoma) commonly have several spe- 
cies, among them Ctenopsyllus segnis (Schbn.), Orchopeas sexdentatvi 
sexdentatus (Baker), Anomiopsyllus nudatus Baker, and Malaraeus 
telchinum (Roth.). 

Infected and infective fleas. — ^In relation to the spread of sy va i 
plague Meyer calls attention to certain paradoxical observations, [ ^ 
'that despite active reservoirs with hundreds of infected rodents vep’ ® 
cases of human plague were diagnosed on the North 
(2) that plague-infected fleas are taken from animals whic a 
tomically been declared as non-infected; (3) squirrel ^ 
plague-survey crews are commonly covered by fleas and are i 
squirrel fleas yet are not infected. 

Meyer points out that in sylvatic plague 
bubonic plague by immediate contact with tl 
transmission being infrequent. The danger 
fleas appears therefore more limited than wa 


man becomes infected m 
le sick or dead rodents, flea 
represented by indiv^“^ 

s originally hei^ved. Wild 
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rodent fleas serve as “preservers” of plague infections in suitable rodent 
burrows for many months and under such natural conditions, while 
Infected, harbor bacilli which are of low virulence or avirulent. These 
“preserver” fleas are believed to be “non-blocked.” 

Meyer continues, 

“Rodents with latent infections will hibernate only to develop acute plague 
early in spring (March and Apnl) Since the flea population is as a rule simul- 
taneously very high, a great reservoir of infected vectors is thus created. The 
cadavers of the dead rodents are rapidly and effectively removed by the larvae 
of the Lucilia flics, while the fleas persist in the nests. With the migration of the 
young squirrels and chipmunks into the empty abandoned burrows and nests, 
highly susceptible hosts are thus brought in contact with infected and infective 
fleas. They may bring the vectors to the surface and some may thus contribute 
to the intensity and the expansion of the vims. These events are probably 


cedures to reduce the rodent populations chemicals, preferably gases which are 
also insecticidal, must be chosen." (See methyl bromide fumigation ) 

Fleas and endemic typhus. — mild form of typhus fever caused by 
Rickettsia prowareki da Rocha-Lima exists in the South Atlantic and 
Gulf States of the t/nited States. Similarlyendemictyphus Ctarbardillo) 
occurs in parts of Menco, portions of South America, Europe, Asia and 
Africa. This infection has long been believed to be of murine origin and 
is referred to as “murine typhus," 

Zinsser,"® 1937, holds to the belief that both types may be either 
endemic or epidemic. He states; “Although the murine disease reaches 
man first from infected rats by flea vectors, this virus can also, like the 
European, pass from man to man by the louse . . . capable of epidemic 
dissemination of the murine as well as of the classical typhus. . . . 
Brill’s disease is an imported classical typhus, endemically established 
in cities with large immigrant populations.” Dyer and co-workers re- 
ported in 1932 that “following the isolation of the virus of endemic 
typhus from rat fleas secured from a typhus focus in Baltimore, in 
November, 1930, investigations were inaugurated to determine the 
method by which the flea, Xenopsylla cheopis (Roth,), might transmit 
endemic typhus from rat to rat and from rat to man.” It was found that 
this species of Sea u’as readily infected with the virus by eUowinQ it 
to feed on infected white rats. It was further found that the fleas were 
able to transmit the rirus from rat to rat under conditions similar to 
those occurring in nature. Also the virus was transmitted to guinea pigs 
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by rubbing crashed infected fleas into wounds made' by scraicbiag, sad 
the virus was present in the feces of fleas. Later Dyer et a) (U S Piiblij 
Health Reports, April 22, 1932) reported the experimental transmission 
of the virus of endemic typhas from rat to rat by means of tie rat flea, 
iVosopsy[tus (i=CeratophyHus) /osciaius (Bose). Laboratory-bred fleas 
(non-infected) aerc pinced in a box with three freshly inoculated wiite 
rata. Fourteen days after the first and six days after the last rat hail 
been introduced, five fleas were removed and emulsified in salt solution, 
then inoculated intraperltoneally into two guinea pigs. One of these 
animals developed typhus after an incubation period of ten d,ays. The 
virus Tvas recovered and studied in other experimental animals and was 



Fig. H5. — House rats (tx) Ratlui r raitui, the black rat; (W Botlxn ». 

brown rat, {c) r ol<xo>idri«w, the roof rat ^ .13. 


Cound to remain viable in the Sea lor afc least 52 days, thus shewmg i e 
importance of the flea as a reservoir under natural conditions. 

Rats and rat control. — ^Tt^ethcr with the house mouse, il/as 
cuius Linn., the Old World rats belong to the family Muridac. ^ 

r Tattus (Linn.) is the black rat; Raftusrattwsaferandrinus ^ 

Saint Hilaire and Audouiu) is the roof rat or Alexandrine rat an w 
in human dwellings, especially on upper floors; and Katius . 

norvcgicus (Erxleben) is the brown rat, the wharf or sewer ra , ^ ^ 
inhabits drains, basements and burrows. (Fig. 145.) AH 
become widely distributed throu^ commerce and 
establishing themselves in many places because of ,, 

themselves to a wide variety of condiUons; they are al 
food habits and are very prolific. With plentiful food an sm 
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ing and breeding places these rodenta will readily become established in 
almost any part of the world, as they multiply enormously. 

Rats breed from three to five times & year, each litter numbering 
from 6 to 19 young. After a gestation period of 21 days, the young arc 
born in nests built in underground burrows or under floors, stacks of 
lumber, wood piles or other shelters. The young females reach sexual 
maturity in less than three months. Early spring and summer are the 
periods of greatest production, though young rats may be found dunng 
any month of the year. 

Rats will eat grain and seed of practically any kind, fiour and meal, 
cereal products, fruits and vegetables, bark of growing trees, bulbs, 
roots, eggs, chicks, ducklings, squabs, young rabbits, butter and cheese, 
fresh meat and carrion, fish, frogs, crustaceans, their own sick and dead. 

Hat proofing, or “building out" the rat is by far the most important 
method of control. The initial cost may be greater, but in the long run 
it is the cheapest procedure against rats. Two general principles *2 should 
be kept in mind. “First, the exterior of those parts of the structure 
accessible, including porches or other appurtenances, must be con- 
structed of materials resistant to the gnawing of rats, and all openings 
must be either permanently closed or protected with doors, gratings, or 
screens; second, the interior of the building must provide no dead spaces, 
such as double wails, spaces between ceilings and fioors, staircases, and 
boxcd-in piping, or any other places where rats might find safe harbor- 
age unless they are permanently scaled with impervious materials." 
The use of hard concrete in the construction of buildings, particularly 
farm buildings, is the best means of excluding rats. Wooden fioors are a 
particular menace in basements and bams. Cement construction requires 
comparatively little skill and is relatively inexpensive. 

Comcribs may be rat-proofed by entirely covering the walls and 
ceiling on the inside and the fioors on the underside with wire mesh or 
hardware cloth. A heavy grade of woven wire, 12 or 15 gauge, is 
recommended. 

Silver “ points out that 

"to remove places where, without fear of molestation, rats make their homes 
and raise their families, is one of the most important problems in rat control. 
The surest way to permanent rat riddance is the removal of favorable rat 
harbors, for a rat will not remain where safe and comfortable shelter is not 
available." 

Excellent designs for rat-proofing new buildings and corrective meth- 
ods as applied to existing building are contained in Supplement No. 131 
to the Public Health Reports.** 

Cutting off the rat's food supply, i.e., to "starve out the rat," is an 
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important procedure in rat control. Where rate occur /oodsiuffs must 6e 
stored in rat-proof rooms or containers, covered garbage cans must be 
used, and other sanitary means of garbage disposal must be put into 
effect, such as incineration. Slaughter-house refuse, feed refuse about 
piggeries and poultry-houses must be properly dealt with. Cleanliness, 
neatness, good housekeeping in general and efficient farm mansgeinent 
will aid materialiy in the control of rats and other rodents as well. 

Destruction of rats may be accomplished by the use of 'poisons such 
as (1 ) barium carbonate^ one part to eight parts of oatmeal mixed wifli 
water into a stiff dough and placed in rat runways, (2) red squill (sea 
onion) , a powder made from the pear-shaped bulb of Urginea maritim, 
relatively harmless to human beings and domesticated animals (Silver, 
1933, loc. cit.). The powder is mixed with a bait such as hamburger 
steak at the rate of one ounce to a pound of the meat, first mixing the 
powder with a little water to form a thin paste free from lumps. A 
variety of baits are recommended such as sausage, ground fresh fish, 
rolled oats, oatmeal, commeal, sliced fresh fruit, etc. The freshly pre- 
pared bait should be exposed late in the afternoon in order that it may 
be reasonably fresh when the rats commence feeding. Silver recommends 
that "every part of the premises where rats are likely to be present should 
be thoroughly treated, particularly those places in which rats have been 
accustomed to feed. A large number of small baits is more effective than 
a few large baits. Put out the bait in quarter-teaspoon pieces or in 


quantities about the size of the average marble. Place them coasecu* 
tively, first a meat bait, then a fish bait, then a cereal bait, then meal, 
and so on. In poultry pens it is best to expose the baits in the feeding 
troughs while the chickens are shut up, or the baits may he exposed 
behind boxes or boards, so that chickens cannot reach them." If 
the baits are left out for three days live rats are still observed at tha w 
of a week, prebaiting with clean bait must be practiced in the idea ica 
way and placed where the poisoned baits were used. Prebaiting two 
three times to overcome the suspicion of the rats is then followed wi 
squill bait, and thus alternately until the rots have been destroye . 

Fumigation of rat burrows may be practiced when feasib e, eu 
fumigants as calcium cyanide, carbon bisulfide, exhaust pses ' 
automobiles or other gasoline engines, and sulphur dioxide _ 

Trapping is best done by means of ordinary snap traps, e 
must be large and at the same time sensitive. Baits such as 
tables, or cereals should be fresh and are better used m a ^ 
than one kind used continuously. Each time ia 

scald the trap and “sizzle" the meat bait (particular y ac jjj 

place with a torch or match. Traps should be set m such a P 
runways that the rat will pass directly over the trigger. 
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Ground squirrels. — ^The ground squirrels^ also known as "digger" 
squirrels (family Sciuridae, Citdlvs spp.), commonly inhabit the open 
plains and grassy foothills, although their dwellings may be found on the 
rocky walls of canyons or in the more open portions of the yellow pine 
forests of the mountains. Some species inhabit high elevations in the 
Sierra Nevada Mountains. Their burrows are underground and are usu* 
ally grouped in colonies varying in number from a few to hundreds. At 
the mouth of each burrow is a mound of earth and well beaten paths 
lead from burrow to burrow, radiating 
to various feeding grounds. Ground 
squirrels are active only during the 
daylight hours when they may be seen 
basking in the sun, scampering about 
in search of food, or standing motion- 
less at the mouths of the burrows. 

Their food consists of acorns, fruits, 
seeds of various plants, and green 
herbage, according to the season and 
locality. Not oil of the food is eaten as 
it is gathered. Much of it is tucked 
into ample cheek pouches and carried 
to the burrows, where it is stored away 
against an hour of need. A pair of 
ground squirrels raises but one family 
a year, breeding m the early spring. 

The young are usually bom in March 
or early April ; the number per litter 
averages about seven, though varying 
from four to fifteen. 

In carrying on control operations one 
must bear in mind that there is a period 
of torpidity with low respiration in 
some of the ground squirrels which 
comprises an aestivation beginning in 
late summer and an hibernation 
through midwinter. Determined control during the spring and early 
summer is indicated. 

Of the dozen species of digger squirrels within the Stale of Califoraia 
the follorring serve as examples; fte dark colored, northern form {the 
Douglas ground squirrel) CitcUiab dougfosw (Richardson), ranges from 
San Francisco Bay northward; the brownisli Beechey squirrel, Citellus 
b. bcecheyi (Richardson), which lii’csin central California and the coast 
district south from the Golden Gate (Fig. 146 ) ; the gray-toned Fisher 



Fra. US— Trroapecie* ot ttecorn- 
moO ground squirrel of the 

Pacific coast. Tb« squirrel at left is 
the Douglas ground squirrel, Ctlet- 
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ground squirrel, Ciiellus heecheyi fisheri (Merriam), whose habi- 
tat is in the southern San Joaquin and Owens valleys and throughout 
southern California; the Oregon ground squirrel, Citellus oregonvs 
(Merriam) , a short-tailed brownish gray squirrel of the northeastern 
part of California and Oregon, essentially an inhabitant of grasslands; 
the Belding ground squirrel, CifeUus beldtngi (Merriam) , the picket-pb, 
also bob-tailed, of the high Sierra, from 6,500 ft. to about 12,000 ft. 

Storer states that the five most effective methods of destroying 
ground squirrels are: (1) poisoning with strychnine; (2) fumigation 
with carbon bisulfide; (3) trapping; (4) shooting; (5) encouragement 
of natural enemies. 

Fxmigation with carbon bisulfide . — Carbon bisulfide is an effective 
fumigant for ground squirrels and is commonly employed. The follow- 
ing account of this gas and its use is based largely on the work of Simp- 
son.*^ Carbon bisulfide is obtained commercially in the form of a liquid, 
which is readily vaporized or is converted chemically into other gases. 
While it is the most useful material as applied against ground squirrels, 
tlierc are some objectionable features, namely, it is very inflammable, 
must be kept in tightly closed containers, and, under certain conditions 
may c.xplode; furthermore, during the dry season if ‘'e.vplodsd’' in the 
burrow there is danger of igniting dry grass or other inflammable mate- 
rial in the vicinity. If handled with as much care as gasoline, fw 
example, the danger is not great. The advantages in its use are that it w 
readily converted into a poisonous gas, diffuses quickly, destroys iif« 
rapidly and can bo used most readily during the rainy season when 
green food is abundant, which prevents the successful use of poisoned 
grain. 

Carbon bisulfide may be used in one of two ways; namely, in 
simple liquid condition by evaporation, when there will be but litt c 
waste, or it may be used by igniting or exploding it. In either ^ 
suggested that from one to three days prior to the application of s 
poison all squirrel burrows in the area to be treated should be 
with earth. The holes found opened indicate the burrow in whic 
are squirrels. , . . ^ Is 

The method of applying carbon bisulfide by the ignition me o 
as follows: to handle a large area to the best advantage two mens 
W’ork together. 


"One man is provided with a supply of waste, of the &{. 

material, divided into a number of small baUs about half 
The bisulfide is carried in an ordinary one-gallon oil can a s,,nnliecl with 
to time from a supply kept in a cool pUce exploding the gas 

matches. (Matches are dangerous, hence other . Xd shovel. On 

should be used.) His 'pardner’ carries a mattock or lons-bancuea 
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arrival at an opened squirrel burrow, a ball of 'waste' is saturated with two 
ounces of bisulfide, dropped deeply in the burrow and then a match applied. 
After a moment’s time the man with Ibe ^vel stops with earth this burrow 
and all other burrows near from which the gas escapes On subsequent inspec- 
tion of the field all opened burrows w31 indicate holes lacking affective treat- 
ment.” 

Exploding the bisulfide thus causes considerable gas to escape, but 

“the Ignition produces a violent chemical reaction and as a result sufficient 
oxygen from the air combines with carbon and sulphur elements to produce a 
volume of gas three times that which the original bisulfide would produce on 
evaporation. The gases produced, carbon dioxide and other sulphur dioxide, in 
the proportion of one to two, seem just as effective as bisulfide of carbon, and 
the method is superior in that the cxplorion produced drives these gases deeply 
into the burrow." 

Two ounces or 60 cc. of the bisulfide produce about 32 gallons of gas. 

To use the gas unexploded, simply omit igniting it. 

A much cheaper and more efficient method of destruction with car- 
bon bisulfide has been devised by Long‘* and others, namely, a pump 
with a device measuring the quantity of liquid, and serviceable at all 
seasons of the year. The pump loaded with nine pints of bisulfide weighs 
25 pounds. Refined bisulfide should be used in this pump because the 
metal is rapidly corroded by the crude material. The refined bisulfide 
is said to contain 99.32 per cent carbon bisulfide and 0.08 per cent sulphur 
in solution and no hydrogen sulfide or sulphuric acid. 

Only one-half ounce (16 cc.) is required for each hole, against tw’o 
ounces by the ignition method, and it is claimed that the men using the 
pump have been able to treat from 200 to 250 holes with each gallon of 
the bisulfide, against 50 to 60 holes per gallon with the waste ball method 
above described. 

The use of the apparatus is thus described (see Fig. 147) : "Insert 
the hose in the squirrel hole at least one foot; then run one-half ounce 
of bisulfide from the reservoir into the measuring cup; then turn cock 
with handle down to allow liquid to run into vaporizing chamber, mean- 
while covering the hole with dirt with the aid of a mattock. Then pump 
thirty strokes (in cold weather use one ounce with forty strokes) . This 
equals 12 cubic feet or 1.5 per cent bisulfide gas. Withdraw the hose, 
close hole opening by stamping in the dirt with the heel and proceed to 
the next hole.” Twenty minutes' to a half hour's treatment with air 
containing 2 per cent of carbon bisulfide is certain to be fatal. Improved 
carbon bisulfide pumps are on the market 

Fumigation unth methyl bromide . — ■With the discovery that rodent 
fleas may serve not only as vectors of sylvatic plague but also as pseudo- 
reservoirs, the necessity of Sea contool as well as rodent control is indi- 
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cllisolviftj; one Iicapms (obtc^poonful of dry '-’J — 

nhich is then added to three-fourths pint c ' ‘ 

stantJy until a clear, thin paste is formctf.) 'j.. . , 

etnip ami one fahfespoonfui of gfyccrin and stir thoroughly. Add ocMec'i 
ounce of saccharin and stir thoroughly. Pour this mixture over 1C quarts cf 
clean barley and roj.t well so t)jat each grain i? coated. 

C'cutfon.— All Containers of poi«>n and .all utensils u*cd in the preparadca 
of poisons ehotdd l»c kept phxrJu toMed as POlSOff and out oj rtach cf 
elnldrcn. irrespotmWe jK-rson*, and livestock. 


According (o Simpson (foe. cit.J grnm poisoned with Etrychmc? 
plnccd in projwr eonl.nincrs will retain ita poi‘onoti? character and remais 
cfTcctivc for nn indefinite period, hut hc.a\'y dews and rain may remore 
tlic poi'on nnd destroy the effectiveness of the bait. Therefore, iHs 
mellind is Appiicnblc during the dry sc.ason only. The above auU'.o? 
states tlinl no kernels in the cheek pouches of squirrels rapidly prove 
effective, whereas CO or tK) or more in the stomach may produce only a 
few ronvuMons and recovery ensues. He says, “This fact should be 
rememhered in placing poison, for by scaltcrinp the grain a fewkcraeli 
here and there near the btirrow the squirrel is induced to store the 
tcnipowrily in llie chock before a suflicient tpiantity is obtained for 8 

meal. . . ." It should be scattered where the .squirrel Is accustoiacd to 

find food, nnd will probably be found most cllicicnt if placed earlyiatbe 
morning, liclwecn (he hours of three a.m. nnd seven a.m. 

Treippin^ and sfiootinj.— Where ground squirrels are digging injo 
ditch hanks, and in other cjvses where they must be disposed of protnpt y 
at any cost, special means must be adopted ncconiing to Storcr (loc.cit/. 
Trapping and shooting are valuable under such circumstances'. Both c 
those methods can be used at any season, 


"but the time required to keep traps properly set, tthich is €£seati^ to - 
nnd the high initial cost of traps as well as of make 

e.Tpcn«ivc for general use on laiye acreages. Trapping and J 

useftd in clc.aning up the few ‘wise* squirrels that escape the poison a p-' 
in r^ucing the breeding stock in the early spring before the 

“TI.C jump trap is the brat, btinp liphter, rasitr to f ® 
catching surface (pan or treadle) than the ordinary* steel trap cojiUrt 
spring. The jump trap lies flat on the ground; the 
surfaces that reduce the chance of breaking the 
spring causes the trap to jump up and take a high gnp pa the 
the foot only, s-wh a tniD may be set «dlhout bai> m 
burrow, or m.ay t * . - ^ ■ .' icn so that 

a feeding place. ' • " , ..jrrounii®? 

tbs sSfsirad s. 

• li,. trap ebsh, ssJ 

and also as a marker, enablicg o 


to tinu me iiaii agaiu. 
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Natural enemies . — ^Among the natural enemies of ground squirrels 
listed byStorer are coyotes, badgers, weasels, wildcats, red-tailed hawks, 
golden eagles, and gopher snakes Badgers, weasels, and snakes capture 
the ground squirrels in their burrows. Wildcats and coyotes lie in wait 
near the burrows until the squirrels venture forth in search of food. 
“Dixon examined 186 stomachs of wildcats from 40 different localities 
in California ; 26 contained ground squirrels and these with other rodents 
were found to constitute more than half of the food. Hawks and eagles 
swoop down on the squirrels from the air. The importance of preserving 
as many as possible of these native enemies of the ground squirrels is 
evident " When poison is used in the control of ground squirrels, reason- 
able precaution should be exercised to prevent killing their natural 
enemies. 

Rat fleas on ships and at seaports. — The United States Public 
Health Service has conducted a number of rat-flea and rat surveys at 
various seaports. Williams reports that on a two-year survey of ships 
at the Port of New York 1,913 ships produced 18,265 rats, an average of 
9.6 rats per ship The ship rat is almost exclusively the black rat, Rattus 
r.rattus (Lmn.) and the roof tat, Rattus rattus alexandrinus (Geoffroy- 
St. Hilaire and Audouin) , constituting 99 65 per cent of all rots. Because 
of the climbing habits of these rats, they are more likely to get into cargo 
and aboard ships than the Norway rat. The report indicates that the 
majority of ships carry few rats, and only about 50 per cent of arriving 
ships constitute about 90 per cent of the potential plague menace. 

The dead rats collected after ship fumigations (hydrocyanic acid) 
u’ere e.vomjned for fleas. A total of 7,886 fleas were taken from 18,265 
rats, an average of 0.43 flea per rat, which was about 30 per cent of the 
expectation of fleas from live rats. Of the total number of fleas 6,992 
(88 68 per cent) were Xenopsylla cheopis (Roth.) and 786 (9.97 per 
cent) Nosopsyllus (—Ceratophyllus) fasaatus (Bose) The remaining 
number of rodent fleas were Ctenopsyllus segnis (Schfln.), 63, Xenop- 
sylla brasiliensis (Baker), four Fufeximfans Linn, appears as a single 
specimen and the cat and dog flea numbered but seven. 

The rat-flea 6ur\'ey at Norfolk, Vo (HasselUne 1929),** resulted in 
the capture of 1,561 rats of which 883 harlxired fleas; 4,898 fleas were 
taken Of these fleas 81.6 per cent were Xenopsylla cheopis (Roth.), 
and 17.7 per cent were Nosapsyllus (^Ceratophyllm) fasaatus (Bose) . 
The Norfolk survey was based on caged, trapped rats taken under favor- 
able conditions for harborage and propagation. Consequently, the num- 
ber of fleas per rat (the living rats were chloroformed) was much higher 
than the average per ship rat on fumigated vessels, i.e., 5.5 against 0.43; 
also Rattus n rtorvegicus (Ereleben) constituted all but four of the total 
number of rats taken at Norfolk. 
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The full grown larva, which is not unlike other flea larvae, is about 4 mm. 
in length, reaching this stage in about two weeks. The larva then spini 
a cocoon, pupates and in about two weeks (9 to 19 days) emerges as a 
fully developed flea. The life history requires from 30 to 60 days. Eggs 
are also deposited in the dust or dry droppings of poultry or in old 
nests, etc. 

The fleas are most likely to attack the skin around the eyes, ths 
wattles and comb and the anus or other bare spots. The ulceration and 
wart-like elevations around the eyes often become so aggravated that 
blindness results, the host is unable to find its food and death results. 

To control the sticktight flea a thorough cleanmg up is necessary. The 
debris, dust, etc., must either be burnt or treated liberally with kerosene 
right in the yard so that the fleas do not become distributed while the 
refuse is carried away. The yards and coops, particularly crevices, 
should be thoroughly treated with kerosene or a light fuel oil may h® 
applied with a spray pump. The treatment must be repeated once every 
three or four weeks during the flea season. The use of sheep dips, car- 
bolic acid sprays, etc., does not, as a rule, give good results in controlling 
chicken fleas. 

In addition to the above treatment infested chickens must also 
receive attention in order to destroy the ovulating female fleas. Thu 
may be done by dipping the birds in a 2 per cent creolin solution. Sine® 
this flea also lives on dogs, cats, rats, quail, blackbirds and sparrows, 
suitable precautions should be taken to exclude these. 

The western hen flea, Ceratophyllus niger Fox, is considerably 
than the sticktight and does not attach except when feeding and t ea 
only for a brief period. It readily attacks man and his cats an ogs 
It breeds primarily in fowl droppings. The European hen flea, 
tophyllus gallinae Schrank, which has habits similar to C. ntger o , 
is also at times a serious pest of poultry (Stewart 1927) 

Fleas in the household. — Very few species of fleas are 
household pests Among these are particularly the dog an ^ 
Ctenocephalides canis (Curt.) and Ctenocephalidesfelis^ow 
149) , and the so-called human flea, Pvlex irritans Linn. ^ J 
mon name might imply that there is a specific host relatio^ ^Pi 
not a fact, since interchange of host species is quite usua . ® 

fleas readily attack humans, and the human flea is of en re 


abundant on swine. j or both are 

Fleas in the house generally indicate that cats or og pb 

present or have been present fairly recently. Fleas jogs 

clothing into the house from pig pais. The exclusion o 
or their proper management is necessary to preven 
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infestations. The exclusion of cats and dogs as well as rats from the base- 
ment or from beneath the house is an important measure. 

Having been introduced into the house, Seas generally reproduce 
readily. Ordinarily Seas lay their on the infested animal, but 
because the eggs are dry, they drop off when the host shakes itself. For 
this reason mats should be provided upon which the animals may sleep 
at night, and these should be shaken off every day or two over fire or 
into kerosene. Theeggsareminuteglisteningwhiteobjects. Theincuba- 
tion period varies considerably, but they usually hatch in from five to 
six days, sometimes less, and the worm-like sparsely haired larvae 
emerge. The larvae feed on particles of dry blood, fecal matter, and 
various organic substances collected in comers and crevices. The larvae 
are quite active and in two to four weeks reach a length of about one- 
fourth inch, and then spin a crude cocoon in which they pupate. The Sea 



Tia 149 -^Ctenocephaiidet feU$t tee cat flea; male (left); femaJe (right). X 17. 

emerges from the cocoon m about a week; thus three to four weeks ts 
required for the entire life history of a common house flea. 

Undisturbed mats, rags, and carpets favor the development of fleas. 
AH carpets or matting tacked down and covering the floor should be dis- 
pensed with and smaller rugs substituted. In an infested house the bare 
floors can be easily mopped with a dry mop moistened with kerosene. 
AH floors should be carefully treated in this manner. The treatment 
may need to be repeated in two or three weeks. Houses that have been 
vacant for several weeks may be badly infested with fleas because these 
insects are able to hve without food for several weeks. 

In cases of infested basements, outbuilding and the like, the bedding 
used by the animals should be bunted and the floors cleaned of debris 
and this likewise burned, otherwise one simply distributes the pest. The 
floors may then be wet down with a five per cent cresol solution or 
sprayed with creosote oil. It is also possible to control an infestation of 
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fieas on a dirt fioor by eoattering a iibei-a! quantity of coatso ealt to 
the ground and then wetting it down. 

If fleas develop in lawns, probably because of infested feriili!er,fle 
grass may be sprayed with a nicotine sulphate solution, one part to 400 
parts of water. The grass should be close-clipped to expose tie lami 
to the sun. 

Swine pens should be provided with Mechanical oiJera supplied ffitli 
crankcase oil or crude oil; Ibe pens may also be oiled. 

Dogs and cats can be kept well freed of fleas by dusting tbein eveiy 
two weeks vdth derris powder or fresh pyrethrutn powder. The ftTiij-px! 
should be placed on a sheet of paper while being dusted and the etupefieii 
fleas which drop off or are combed off should be burned. 

Dogs may be washed with a heavy lather of naphtha soap, wrapping 
the animal when well-lathered in a towel for 10 minutes, after which s 
thorough rinsing is given. Bathing in a 3 per cent cresol solution 
cresoUs composttus) — four teaspoonfuls to a gallon of warm water a 
excellent. Cats should not be eo treated. 


Fleas as intermediate hosts of cestodes.— Although Meinihoff w 
1867 showed that the biting louse of the dog, Trichodeete canis DcOeer, 
serves as an intermediate host of the double*pored dog tapeworm, 
Udiwn caninum (Linn.) ; it has since been shown by other workers thsl 


fleas play a more important r5Ie In the transmission of this tapeworo, 
particularly the cat and the dog flea, Ctenocephalides Jelis (Bouchl) 

Ct cants (Curt.) , Although Dipiflidium caninum (Limi.) is a tapewortu 
of dogs, cats and certain wild carnivores, it also occurs in man, parUcu* 
larly young children. The tapeworm measures from 20 to 70 cm. a 
length ; the mature proglottids are shaped like pumpkin seeds, and mw 
has a double set of reproductive organs with a genital pore on each kcc. 
The scolex has a rostellum which is armed with three to seven circle 
of spines and has four deeply cupped oral suckers. The embryoaa 
eggs of the tapeworm are discharged in the fecal material of the 
and are ingested by the larval flea and develop into cysticercoids m 
body cavity of the insect. Thus the mature flea is infected J ^ 
ingested by a cat or dog or human, the cysticercoids are libera e 
develop into tapeworms in the aniroaTB digestive tract. 

A common tapeworm of rats and mice, rarely man, V’” 
diminuta (Rudolphi), has numerous intermediate arlhropo - 
among them N'osopsi/Uus fasciaitts (Bose) and Xenopsy 


(Roth,). 


Ths Commoner Species of Fi*kas 

Systematic.— There are more than 8^ 
naptera divided into six families, (1) Hectopsy i , 
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Dolichopsyllidae, (4) Ischnopsyllidae, (5) Hystrichopsyllidae, (6) 
MacropsylUdae. (See Fig. 141.) 

Key to the Fcmilies of SiphonapteTa 
(Modified by Stewart after Ewing) 5^ 

1. Hie three thoracic tei^tes together longer than the first abdominal tergite 2 
The three thoracic tergites together shorter than the first abdommal teigite 

Hectopsyllidae 

2. No vertical suture from dorsal margin of head to bases of anteimae; 

frontal region almost evenly rounded along margin 3 

A vertical suture passing upward from the bases of the antennae to the 
dorsal margin of head; margin of frontal region usually most strongly 
curved at vertex 4 

3. Abdominal tei^iUes mth but a single row of setae Puhcidae 

Abdominal te^ites with at least two rows of setae Dolichopsyllidae 

4. Head without a pair of darl: antero-ventral flaps on each side 6' 

Head with a pair of dark an tero- ventral flaps on each side . Iscbnopsyllidae 

5. Occipital region without dorsal incrassation; frontal region entire 

Hystrichopsyllidae 

Occipital re^on with dorsal incrassation; frontal region divided, the 
anterior part bearing a border of spmes MacropsyUidae 

Family PuHcidae 

FttieaiimtcmjLiiin. (Fig. 150) iscommonlykDowossthehuaiaDfiea. 
It is cosmopolitan in distribution and occurs on many domesticated ani- 
mals, particularly swine. This species has neither oral nor pronotal 



Pjo. ISO — PuUx irrffant, the butaan flea; male (riaht); female (left). X 17. 


ctenidia. The raetacoxae have a row or patch of short spineJets on the 
inner side; the mesostemite has an internal tod-like incrassation extend- 
ing dorsoanteriorly. The mandibles mrtend about halfway down on the 
fore coxae which distinguishes this species from Pulex dugestt Baker 
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{mandibles extending at least three-fourths the length of the fore coxae) 
also known as a human flea but restricted to Mexico and the border states 
of the United States. Pulex imf c»s Linn, transmits plague under labora- 
tory conditions and may be the chief vector of two unusual t>’j)e 3 of 
plague, c.g., viruola pestosa (a vesicular form) and angina peshsa fa 
tonsillar form) found in Ecuador. 

Ctenocephdides cants (Curtis) and Ctenocephalides felis (Bouch^) 
are the dog flea and cat flea respectively. Both species attack cats and 
dogs as well as man. Both have the oral ctenidia consisting of eight 
spines and the pronotal comb of 16 spines. They may be seperatcdss 
follows; 

In the female the head is fully l\wce as long as high (seen from'nde); two 
or three bristles on metathoracic epistemum ; bristles on metathoradc epimeros, 
first row, four to eight, second row, five to seven; seven to ten bristles on inaer 
Side of hind femur -Idii 

‘In the female the head is less than twice as long as high (seen from the ade}; 
three or four bristles on metathoracic epistemum; bristles oa metathoracic «pi- 
moron, first row, seven to eleven, second row, seven to nine; ten to tbirteeu 
bristles on inner side of hind femur 



Xenapsylla cheopis (Rothschild) (Tig. 151) is the oriental 
atic rat flea. It habitually inhabits buildings and bites man free 7 - 
resembles Pulex irriians Linn, in that both the oral and of 

are absent. The ocular bristle ^ in front of and just above e 
the eye ; there are two brisUes on the gena ; oral bristly P;^^° ° 
just above the base of the majollaej each abdominal tergi ® . ^be 

row of bristles; the hind femur has a row of about eig , _ gjadoo 
mandibles reach nearly to the end of the 
of mesosteraite consists of one rod extending anterodomal y 
extending upward nearly perpendicularly. fSee Fig. 
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Mellanby (1933) has performed experiments proving that X. cheo- 
pis (Roth) can complete its Kfe histo^^ between 18° C. and 35° C. in 
moist air. Between 18° C. and 29® 0. wr with a relative humidity of 40 
per cent is unfavorable) while with 60 per cent pupation takes place suc- 
cessfully. Pupation at 18° C. required mght days, at 22° C. it required 
six days and at 29° C. to 35° C. it required four days. The develop- 
mental zero for pupation is about 15° C. 

Xenopsylla bTasiliensis (Baker) is an African species, the predomi- 
nant rat fiea in Uganda, Kenya and Nigeria. It has spread to South 
America and certain areas in India. It is regarded as a more important 
vector of plague than X. chcopis (Roth.) in Kenya and Uganda, since it 
is “the flea of the hut" while the latter infests rats of stone and brick 
buildings. 

Xenopsylla astia Roth, has a restricted distribution 

"being found mostly along the low -lying roast of Ceylon, the east coast of India 
and along the opposite coast of Bengal . • . «hilc .V astia may be the respon- 
sible \ector (of plague) in certain circumscribed and isolated outbreaks, the 
available evidence . ■ points to its inferior position in the epidemiological 
picture. . . . Moreover astia outbreaks, if and when they do occur, are 
not known to carry over from one season to another " fWu, Joe eit ) 



Fig 152 — ywptyllus faieiatus.lhe rat Bta, male (left), female (right) X J7 


Xenopsylla hataaiicnsis Jordan is a common fiea of the Hawaiian rat, 
Rattus hawancnsis According to Eskey reported by Jordan’® this 
species of flea has a very peculiar distribution. 

‘'It h.is not Uvn found in Honolulu or vionity, while it is quite common on rats 
Mught about nine miles away on the opposite adc of the island It is essentially 
a flea of field rats and rarely found on rats caught ui buildings." 

Family Dolichopsyllidae 

Xosopsyllns (=CpratophyUiis) fasdatas (Bose) is the European rat 
flea- (Fig 152.) It is widespread over Europe and America, being less 
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common in other parts of the world. It has been recorded on rata, house 
mice, pocket gophers, skunk, man and many other host animals. It has 
but one ctenidium, the pronotal, which has 18 or 20 spines; there are 
fhree^ bristles in front of the eye, and in the female two, and in the male 
four in front of these; there are three or four hairs on the inner surface 
of the hind femur. N. fasciatus (Bose) is regarded as a negligible factor 
in the causation of natural outbreaks of plague. 

The genus Nosopsyllus may be distinguished from the genus Dia- 
menus by the fact that in Diamanvs there are long, thin bristles on the 
inside of the mid and hind coxae from the base to the apex, while ia 
Nosopsyllus such bristles occur at most in the apical half. 

Diamanus montanus (Baker) (Ceratophyllus ocutus Baker) (Fig. 
163) is a common species of squirrel flea described from California. 
This species may be recognized by a spine at the tip of the second joint ol 




Pjo. ISZ.^Diamanut tnontattu$, the A**' ^ 

the hind tarsus longer than the third joint and reaching 
fourth joint; the abdominal tergjtes have each two rows of bn 
male claspers are very large and long, and sickle*shaped. 

Ceratophyllus niger Fox was originally described from specra 
taken from man and from Ratius n. norvegictis in 

Cerafophvf/iiepafhVineSchrankiscommonlyknown ast e 

hen flea although it has a wide range of hosts. See previous pag 

Family Hectopsyllidae 

Tunga penetrans (Linn.) 

(rans (Linn. ) J is compionly known as &e chJgoB flea, e p 
Echidnophaga galUnacea (Weatw.) is common y n 
tight flea of poultry and other animals. See previous pag . 
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Family Hystrichopsyllldae 

Ctenopsyllus aegnU (Schon.) {LeptopsyllamuscuH Xiugss) is the cos- 
mopolitan mouse flea (Fig. 154). It is commonly found on rats. It bites 




Fio. 154 —^lenopti/}}u$ tefnii. a mous« mtle (rigbt), female (left), X 17. 


man reluctantly and is regarded as a weak vector of plague; its role 
in human outbreaks is considered negligible. 
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CHAPTER XXI 


TICKS AND TICK-BORNE DISEASES 


Class Abachnida, Order Acabina, Stjperfamily Ixodoidea 

Introduction. — ^Probably alJ species of vertebrate animals are sub- 
ject to attack by ticks, but particularly maminals, whose wana blood is 
highly attractive to these parasites. The food of ticks consists entirely 
of blood and lymph and both males and females are bloodsuckers, as are 
all stages. Hunters have long observed tremendous infestations on tfie 
bodies of wild animals. Stockmen suffer enormous losses due to the 


attack of ticks on cattle, horses, and other stock. Hunter and Hooker,* 
United States Bureau of Entomology, reported that as many as two hun- 
dred pounds of blood may be withdrawn from the host by ticks in a single 
season. Woodward and Turner,* using the common cattle tick, BoophUtu 
annulatus (Say) , found that tick-infested cows under experimental con- 


ditions gave only 65.8 per cent as much milk as tick-free cows. Further- 
more, the tick-free cows gained 6.1 per cent in body weight during the 
time of the experiment, while the tick-infested gained 3.6 pw cent 
Death from loss of blood (exsanguination) by ticks is believed to be 
possible. Jellison and Kohls * have conducted experiments with Rerwo' 
centor andersoni Stiles and conclude that “tick-host anemia is not only 


1 experimental disease but occurs with some frequency in nature, an 


may be the immediate cause of death in animals." 

During the months of October to March, 1935-36, one riding aesdemy 
in Alameda County, California, lost eighty-three horses from 
blood (exsanguination) by Dermacentor albipictus (Packard). 
topsies, blood examinations and blood inoculation into 
duced no symptoms not attributable to simple secondary anemia- ^ 
species of ticks are highly venomous and others may cause para yJis 


both man and domesticated animals. , -j 

While the natives of East Africa, the upper Congo and other ^ 
areas of Africa long associated ticks with their recurrent 
attention was given to these organisms as vectors of disease 
epoch-making discoveries of Smith and Kilboume (loc. ^ * Duttoo 
1890 proving tick transmission of Texas cattle fever. In ^ 
and Todd (loc. cit.) showed that African relapsing fever js « ' 
and in 1906 Ricketts (loc. cH.) proved tick transmission o 
tain spotted fever. Tick transmission of tularaemia was repo 
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course, erroneous. By "unscrewing” one is more likely to leave the moiitli 
parts in the flesh. Because of the recurved teeth the tick is enabled to 
hold 60 fast to the liost that if 5s difficult to remove it without teariag llie 
capitulum from the body of the tick. The tick itself, however, withdrm 
its mouth parts quickly and apparently w’ith little effort by slipping tise 
hoodlike portions of the capitulum over the relaxed mouth parts andvitii 
a quick jerk dropping off and escaping. 

One does not usually feel the tick when it is biting. As Cooley so 

well said, "a person is always completely surprised when he finds a tidt 
attached.” The best way to remove a tick, and this should be done 
out delay, is to take hold of it with the fingers and pull it off slowly friili 
a firm straight pull without jerking. 

The length of time that a tick remains attached in the act of uniotor' 
rupted feeding depends on species and the stage of development 
seed ticks commonly feed for a number of days; the nymphs and adu h 
differ greatly in this respect — thus the common poultry tick, Argsspff’ 
sicus (Oken) feeds nightly and intermittently, while the 
adults of the southern cattle tick, Boophilus annulatvs (Say) « 
six to eight days before becoming fully engorged. 
notably the California relapsing fever tick, Omithodoros 
is able to engorge fully in from 15 to 20 minutes. Both r 
ticks suck blood; however, only the females become gr 
when engorged in tlie case of the Ixodidae, while both sexes 
tended m the Argasidae. . 

Life history.~Under natural conditions a few species 
a marked host specificity, e.g., BoophUiis annulatusiSayh ® 

cattle tick, and D-paruOTOperfusNcum. on jackrabbits. ^ 

species have a fairly wide range of hosts, e.g., Demacen or 
Neura. The life histories of ticks var>^ u be 

species, hence it is quite impossible to generalize, excep - 

said that all species of ticks pass through four jIouB' 

nymph and adult) in from six weeks to two 
tain spotted fever tick, Dermacentcr 

about two years to complete its life Lf varviog 

usually deposit their eggs on the f Stched lan-J- 

in some species to 5,000 and over in o&ers. „ J[;q jjj this cosi- 

known as seed ticks, are hexapod (six^egged) an (be first 

tion until the first molt is completed. The nymp yntit 

molt with its fourth pair of legs often a thkd cr 


is reached. As many as seven * ... females engorge 

Copulation takes place after the last molt, when the tern 
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then deposit eggs. In the majority of species the ticks drop off the host 
animal to molt, but in several species, notably the Texas cattle fever tick 
Boophilus annulatus (Say), the molting takes place on the host. There 
may be two or possibly three generations of ticks in one year under very 
favorable climatic conditions in species which molt on the host. 

The seed ticks emerging from the eggs on the ground commonly climb 
up grasses and other low vegetation in order to come within easy reach of 
grazing or passing animals. The nymphs and adults employ the same 
method. Wild lilac (Ceanothas) is a favorable shrub for the purpose, in 
fact in some localities in California it is known as a “tick bush ” 

The larvae having reached the body of a host, there follows a sequence 
of feeding and molting until maturity is reached When this sequence is 
completed on one animal, for example the cattle fever tick, Boophifus 
annulatus (Say), the species is said to be a one-host tick. When this 
sequence is completed on two host animals, as with the African red tick, 
Rhipicephalus evertsi Neum , the species i.s said to be a two-host tick. The 
larvae of this two-host species hatch on the ground like other ticks, then 
proceed to attach themselves to the ears (often inside) and flanks of 
cattle, where they become fully engorged and molt while on the host 
The nymphs then engorge and drop off to molt, after which the adult 
tick emerges and must now find a second host upon which it engorges 
itself and then drops to the ground where the females lay eggs 

When the tick species requires three different hosts to complete its 
cycle, it is called a three-host tick, as for example, jDermacentor 
andersoni Stiles, the Rocky ^Mountain spotted fever tick. In this species 
the larvae select smaller animals such as ground squirrels upon which 
engorgement is achieved after which the larvae drop to the ground to molt 
and reach the nyraphal stage In this stage the second host is usually a 
larger animal such as a rabbit or coyote. After engorgement on this host 
the nymph drops to the ground and with its last molt (the third) it 
reaches the adult stage and once more finds a host animal (the third host) 
upon which it feeds and thereafter drops to the ground where the females 
lay their eggs. 

In such species of ticks as Omtthodoros hermsi Wheeler, the vector of 
relapsing fever m California, several individual host animals are required 
and consequently such species are known as many-host ticks There 
are usually five molts in this species each of which is completed off 
the host, hence at least five host animals are needed to complete the 
cycle. 

Longevity. — The longevity and hardiness of ticks is something truly 
remarkable, a matter not to he overlooked in control measures, particu- 
larly pasture rotation in which starvation is the principal factor. Further- 
more, chemicals which destroy the life of most insects in a few minutes 
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act very slowly on these arachnids. The writer has found the pocitnlH 
Argaspemcus (Oken) to be particularly resistant. 

Unfed larval ticks of the above species remain alive quite readily for 
a iDont^h and would probably survive longer if kept in a moist chamber 
Nymphs survive a longer time and the adults even longer than tie 
nymphs. Nuttall and Warburton ^ cite cases in which nymphs of this 
species survived two months, and adults (unfed) "a little over twoycare' 
Graybm « reports considerable variation in the longevity of the Teiu 
fever tick, depending on the season of the year; unfed larvae sui^ireii 
from 7 to 85 days (average 38.6) for July, and 30 to 234 days {a\ersje 
167.4) for October. Nuttall and Warburton (loc. cit) cite cases in whifli 
the larvae of Ixodes ricimis (Linn.) survived 19 months, unfed nyaph 
18 months and unfed adults 15 to 27 months. Unfed adult JOermnfentff 
andersoni Stiles survived 413 days. The author had a female OmfoAs- 
doros megnini Dug^s remain alive without food in a pill box for twoyesn 
and seven months. A specimen of 0. coriaceus Koch remained alivcc'W 
six years with an average of two blood meals annually. 

Classification. — Although the classification of ticks, according fo 
Nuttall and Warburton (loc. cit.), may be considered as dating fro® 
Linnaeus (1746) , who included them under Acari in the genus Aesru, 
scientific nomenclature did not actually commence until the 
Latreille (1795). Latreille called the acari "tiques" and divided them 
into eleven genera two of which were Argas and Ixodes, (Fig- 
There are now a dozen well-recognized genera. 

Ticks were ranked in a special order, Ricini, by C. L. Koch in 18« 
Neumann in 1901 in agreement with most zoologists of that time 
the Ixodidae as merely a family of the order Acarina and groups 
genera into two subfamilies, (I) the Ixodinae and (2) the Argas^s^ 
Banks in 1894 raised the ticks to the rank of a superfamily Ixodoi ^ 


Acari of the suborder Metastigmata have breathing pores ro® 
posteriorly situated; possessing a movable false head, a capitulu® 
sisting of a basal portion, basis capiluli, a pair of palps, protrusibk c ^ 
erae with digits serrate externally and a rigid hypostome 
tootlied on its ventral surface. The superfamily Ixodoidea is dw ^ 

two families, namely: (i) Ixodidae, which comprises scutate tic 

terminal capitulum; sexual dimorphism is marked; the 
scutum which almost entirely covers the dorsum and are 
great distention; in the females the scutum is a small ehie d ^ 
behind the capitulum; the females are capable of enormous jj. 
(2) Argasidae, which includes ticks ndthout a scutum, 
ism not marked; capitulum ventral and papU leg-h e» _:.aMp 3 
present lateral and situated on the supracoxal folds; c sp 


small. 





428 


MEDICAL ENTOMOLOGY 


The two families may be readily separated by means of the following 
table (Table XVI) , and Figure 166. 


TABLE XVI 

Differences by Which the Two Families of the Ixodoidea May Be 
Separated. (Adapted After Nuitall.) 



Argasidae 

Ixodidae 

SexuaZ dimorphism 

Shght 

Marked 

Capitulum 

Ventral 

Anterior 

Base 

No porosc areas 

Porose areas in — 

Palps 

Leg-hke. with aubcqual 

Relatively rigid, of very 

Body 

articles 

varied form 


Present 

Festoons 

Absent 

Generally present 

Eyes (when present) 

Lateral on supracoxal 

Dorsal on the sides of the 

folds 

scutum 

Legs 

Coxae 

Unarmed 

Generally armed with 

Tarsi 

Without ventral spurs 

spurs . , ' 

■ Generally armed with J or 
i 2 ventral spurs 

PulvilU 

Absent or rudimentary 

Always present 


Family Ixodidae 

Nuttall and Warburton (1911, loc. cit.) include nine genera in the 
family Ixodidae, namely: Ixodes, Haemapkysalis, Demacentor,R iP* 
center, Rhipicephaliis, Margaropus, Bodphilus, Hyalomma and w 
blyomma, arranged as follows: 


Ixodidae 

I 


Group 1 
1 Ixodes 2 Haemaphysalis 


Brevirostrata 

I 


I 


Longirostrata 


Group 2 

3 Dermacentor 

4 Rbipjcentor 

5 Rhipicepbalus 

6 Ma^aropus 

7 Boophilus 


Group 1 
8 HyaLmma 


Group 2 
9 Amblyoninia 


Genus Ixodes.-This genus, which 
clearly separated from all other genera of the family 
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ann{ groove surrounding the anus in front (Prostriata) and the absence 
of festoons. The remaimng genera fatt naiuraiiy into two divisions ^sec 
diagram^ , the one characterined by a comparatively short espitulum, 
and the other by a comparatively long one. Eyes are absent; spiracles 
are round or oval ; palpi and 6asw capituli of variable form; coxae either 
unamed, trenchant, spurred or bifid; tarsi without spurs; sexual di- 
morphism pronounced, especially with regard to the capitulum; in the 
male the venter is covered by non-saUent plates; one pregenital, one 
median, one anal, two adanal and two epimeral pistes; eg., Ixodes 
ricinus (Linn,) , commonly known as the European eastorbean tick. It 
is very widely distributed and feeds on a wide variety of hosts. It has 
several varieties, among them Ixodes ricinus var. cali/ornfctw Banks 
(Fig. 167} , which is a common deer lick in Galiforaia but flourishes on 
cattle as well. It bites human bein^ freely and often causes severe 
disturbances, hodes hexagonus 
Leach occurs on squirrels in Cali- 
fornia. 

Genus Kaemaphysalvs.— The 
members of this genus, numbering 
about 45 species, are usually 
small and but slightly chitiniaed, 
and the sexes are very similar 
They ace inornate and eyeless, 
but have festoons; the second seg- 
ment of the usually short conical 
palpi projects laterally beyond 
the basis capitidi, forming an 
acute angle. The spiracles of the 
males are ovoid or comma- 
shaped ; in the female rounded or ovoid The genus is commonly found 
on mammals but only occasionally on birds. 

Hccmaphytalis kpcns-'paluslris (Packard) is a widely distributed 
North and Central American species. Although it is commonly known as 
the rabbit tick, it has been taken on a number of species of birds and occa- 
sionally on domestic animals sucb as the horse, cat and dog. It rarely 
bites man but is important in the spread of Rocky Mountain spotted 

fn-r -'- — 


• ■ ' on cattle. This tick 

Guiiua i)«.iiuai.emor. — usuauy ornate ticks with eyes and festoons; 
palpi short, broad or moderate; bosis copffnlf rectangular dorsally. In 
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some species coxae I to IV of the male increase progressively in sire; in 
all species coxa IV is much the largest; the male shows no ventral plates 
or shields. Coxa I ia bifid in both sexes. The spiracles are suboval or 
comma-shaped. The genus includes about 15 species. 

Dermacentor variabilis (Say) is the one principal; if not the only, 
vector of Rocky Mountain spotted fever in the central and eastern por- 
tions of the United States. It is also an important carrier of tularaemia 
and bovine anaplasmosia. It may cause canine paralysis and is a first- 
class pest of dogs, which are the preferred host. It also freely attacks 
horses and many other animals, including man. The immature stages 
feed almost exclusively on small rodents such as mice.’ It is a widely 
distributed North American species. It is reported to be most abundant 
along the Atlantic coast. 

The fully engorged females drop from the host and in four to ten days 
lay eggs on the ground. The incubation period during the summer months 
is about thirty days. The larvae remain in clumps on the soil or on low- 
growing vegetation while awaiting a host, usually a mouse. The period of 
larval engorgement varies from 3 to 12 days, after which the larvae drop 
to the ground and molt in about a week. The nymphs, having reached a 
host, again usually a species of mouse, engorge in from 3 to 10 days, and 
once more drop to the ground and molt in from three weeks to several 
months. The unengorged adulta may live for more than two years; how- 
ever, having reached the adult stage the ticks attack dogs and other large 
host animals. Engorgement of the females requires from 5 to 13 days 
Mating takes place on the host. Like the unengorged adults the imma- 
ture stages have a remarkable longevity in the absence of suitable hosts, 
which may prolong its life history two or more years although under . 
favorable conditions the life cycle from egg to adult may not lequir® 


more than three months. 

Dermacentoralbipictus (Packard) is commonly known as the winter 

tick, elk tick or horse tick. It is a widely distributed North American 
species. It is a one-host tick, and does not occur on the hosts during ^ ^ 
summer months; it is distinctly a winter tick. The eggs are ' 

the spring months and hatch in from three to six weeks. The ^ 
then bunch tightly together, remaining in a torpid condition un 
first cold weather in autumn, when they become very active an s 
host animals. Molting takes place on the original host • . 

females reach maturity with the final molt and engoigemen ^ 
about six weeks after the seed ticks have become attached- Al^ough 
females drop off the host after final engorgement °ther t eta ^ 
laying is delayed until spring, often after horses, 

Hearle (1938,Ioc.oH.,p.375) 

cattle, moose, elk and deer may result in death fro P 
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to the drain on the vitality of the infested hosts. In this respect, Hearle 
states, itia the most important spedes occurring in Canada. This tick, it 
is reported, caused a loss of at least 20 per cent of the moose population in 
Nova Scotia. A new disease of moose iAlces americana americana Jar* 
dine) is described by Thomas and Cahn ® as occurring in northeastern 
Minnesota and the adjacent region. It ia reported that guinea pigs and 
rabbits infested with the tick, Dermocentor albipietus (Packard), from 
diseased moose have reproduced in detail the symptoms of weakness, 
anemia, paralysis, excessive blind activity and death as exhibited by 
infected moose. Hie causative bacterium is described as Klebsiella para- 
lytica “because of the paralysis it causes.” (Cahn, Wallace and 
Thomas.®) 

Genus Rhipicentor. — ^Thia small and relatively unimportant genus 
of ticks is inornate, eyes and fesioona present; palpi short with basis capt- 
duli hexagonal dorsally and having very prominent lateral angles. Coxa 
I is bifid in both sexes ; coxa IV is much the largest; no ventral plates or 
shields ; spiracles subtriangular in the female or comraa-shaped in the 
male. The genus is represented by Rhipicentor bicomis Nuttall and 
Warburton. 

Genus Rhipicephalus. — ^This genus comprises about thirty species. 
They are usually inornate, possess eyes and festoons ; the palpi are short 
and the basis capituli is usually hexagonal dorsally. Coxa I is bifid. The 
male possesses a pair of adanal shields and usually a pair of accessory 
glands; some males when replete show a caudal protrusion. The spir* 
acles are bluntly or clongatedly comma-shaped. 

Rhipicephalus sanffutneus (Latr.),is commonly knoT-Ti as the brown 
dog tick; its principal host is undoubtedly the dog, although it is known 
to attack numerous other animals. It is a widely distributed tick occur- 
ring principally in tropical and subtropical climates, and is widely known 
as a vector of malignant jaundice of dogs. The adult ticks are most often 
found in the ears and between ti>e toes of dogs, and the larvae and 
nymphs in the long hair at the back of the neck. McIntosh states that 
the eggs are deposited in cracks and crevices of the kennel or other quar- 
ters frequented by the dog. The eggs hatch in from 20 to 30 days and 
over, depending upon temperature. The life cycle corresponds to that 
of other species of Ixodine three-host ticks. 

Genus Margaropus. — This genus has an obsolete anal groove, no 
ornamentations or festoons; the palpi are short and the capitulum is 
highly chitinized and similar in shape to that of Boophilus. The coxae 
are conical and unarmed excepting for a small spine posteriorly on coxa 
I. The male has a median plate prolonged into two long spines projecting 
beyond the anus on both sides ; when replete it shows a caudal protrusion. 
It may be separated from BodphUtts which it closely resembles by the 
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presence of greatly thickened posterior legs and by the prolonged median 
plate. ' 

Afargaropus winthemi Korsch, the Argentine tick, a native of South 
America which has been introduced into South Africa, is frequently found 
on horses and occasionally on cattle. When engorged the females may 
easily be mistaken for B. decoloralus (Koch) but may be distinguished 
by the dark bands at the joints of the legs. This is a one-host tick, usually 
present in larger numbers during the winter. 

Genus Bodphilus. — ^Members of this genus have neither festoons nor 
ornamentations but eyes are present. The palpi and hypostome are short, 
compressed and dorsally and laterally ridged. The basis capituU is hex- 
agonal dorsally and slightly chitinized. Coxa I is bifid; the anal groove is 
obsolete in the female and faintly indicated in tlie male. Unfed adults 
are small, the scutum of the female quite small and the spiracles circular 
or oval in both sexes. There are 
less than half a dozen species. 

Boophilus annulatus (Say) is 
fully discussed later in this 
chapter. 

Genus Hyalomma.— The or- 
namentations are absent or pres- 
ent and may be at times confined 
to the legs; with eyes, with or 
without festoons, with long palpi 
and basts capituU subtriangular 
dorsally. The female approaches 
Amhlyomma. The male with a 
pair of adanal shields, and with 
or without accessory adanal shields and two posterior abdominal pro^ 
trusions capped by chitinized points. Coxa I bifid. Spiracles comma 
shaped. The genus includes less than half a dozen species. ^ 
Hyalomma aegyptium (Linn.). — The "bont-leg" tick, 
varieties, is fairly widespread over much of southern Europe, si 
Africa. The adults are parasitic on cattle, horses, sheep, 
mammals and occasionally birds, while the larvae and ^ 

found on rodents, hares and birds, frequently the 

It is usually a two-hosted tick, the larvae and nymphs feedi g 
same host, though the larvae may drop off and seek “ 

This tick is very hardy and cxista under .j,, pay 

The adults attach by preference around the ‘‘“j® “ ® jheep 

produce severe lesions Lameness is frequen y 
because of tick bite, , .,jj and with 

Genus Amblyomma.— Generally oma e -j-ny long; basis 

festoons. With long palpi, of which article 2 P . 



PlO. 168. — ^Tlie lone at«r tick, Amblvomma 
americanum. X 3 5 
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capituh of variable form. The male without adanal shields, but small 
ventral plaques are occasionally present close to the festoons. Spiracles 
subtriangular or comma-shaped. There are about 90 species in this genus. 
Among the species of this genus are Amblyonima americanum (Linn.) 
the ‘'lone star” tick (Fig. 168) of the southern United States, particularly 
Texas and Louisiana. This species has a wide range of hosts, including 
wild and domestic animals as well as man. It takes high rank as a 
pest. 

The Kocky Mountain wood tic)c,I>ermacentoTandersomSii\es (Fig. 
159), is a widely distributed and very common species throughout the 
Rocky Mountain region of the United States including Idaho, Wyoming, 
Montana, parts of Utah, Colorado, Nevada, Oregon, Washington, Cali- 
fornia and British Columbia. “It is most abundant in regions or localities 
where the predominating vegetation is low, brushy and more or less open, 
i.e., in areas where there is good protection for the small mammalian 
hosts of the larvae and nymphs and sufficient forage to attract the large 



Fio 139 — The Rocky Mountain tpotted fever tick, Dermaeenlor enderioni: male 
Oeft), uneogorged female (right). X 3.5. 


hosts, either wild or domestic, of the adult ticks. It is relatively quite 
scarce in heavily timbered areas or country of a strictly grassland, prairie 
type” Parker et a!.*‘ 

Dermacentor anderscmi Stiles may be recognized by comparison with 
Fig. 166. The adult ticks feed mostly on large animals, such as horses, 
cattle and sheep, also deer, bear and coyote; the larvae prefer to feed on 
rodents such as ground squirrels, pine squirrels, woodchucks, and chip- 
munks; the nymphs feed on the same host species as the larvae; all three 
stages may feed on animals of intermediate size such as jack rabbits, 
marmots and badgers. In the wilder parts of its range where there are no 
domesticated animals, the adult licks feed on deer, elk, bear, mountain 
goat and coyote. 

The life cycle of the Rocky Mountain wood tick is fully described 
by Cooley ^2 and from his description the following summary is largely 
taken. Copulation takes place on the host, and when fully fed the greatly 
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distended female drops to the ground. The pre-ovjposition period is about 
a week, after which egg-laying be^ns, continuing over a period of about 
three weeks. If undisturbed, the eggs pile up ahead of the female in one 
large mass, averaging some 6,400 eggs. The incubation period of the eggs 
requires about 35 days when tiie young hexapod seed ticks emerge and 
find suitable rodent hosts, feed for three to five days, drop off and molt 
in from 6 to 21 days, emerging as nymphs with eight legs. These nymphs, 
the progeny of overwintered adults, go into hibernation to come up for 
fee^g the next spring when Ih^ seek larger sized hosts as already ex- 
plained, to which they attach for feeding over a period of from four to 
nine days. When fully engorged, the nymphs drop to the ground and in 
12 to 16 days and over, molt for the second time, emerging as adults 
Some of these adults may find hosts in the same summer in which they 
have emerged as adults, but by the lime they have femerged, Cooley 
explains, the season has generally become hot and dry, making it neces- 
sary for them to seek protection under waste and vegetation. The “nor- 
mal cycle” is therefore two years. The larvae are found feeding through 
the summer months, and while the adults disappear by about July 1st, the 
nymphs continue in diminishing numbers until late summer. Since man 
is usually bitten only by the adult ticks, danger from this source exists 
only from early spring to about July let. 

Like other species of ticks, Dermacentor andersoni^ Stiles is re- 
markably resistant to starvation. Hunter and Bishopp” report 
that all unfed seed ticks hatching from a mass of eggs usually die within 
one month after the first eggs batch if food is not available. However, in 
one instance a period of 117 days elapsed between the beginning of 
hatching of the eggs and the death of the last seed tick. (A later record 
by these investigators exceeded 317 days.) Unfed nymphs have been 
found to survive a period of one year and 11 days, and adults collected 
on vegetation diming the spring months may survive for a period of 413 


days without food. 

Rocky Mountain spotted fever has been known in the 
Valley of Montana since 1872.” It is also known as “tick fever,” “black 
fever,” “blue disease” and “black measles.” The most characteristic^ 


constant symptom is the rash which appears about the second CO m 

day on the wrists, ankles and less commonly on the back, later sprea m 
to all parts of the body. Parker ” states that the rash is sometimes pre- 
ceded by a mottled appearance of the skin. The gympto^ mos o 
complained of at the outset are frontal and occipital besdac^, m 
aching in the lumbar region and marked malaise. The ^ .4 

is from two to five days in the more severe infectio^ and "o® , . 

days in the milder ones. The fever develops rapidly in ® , y 

inLtiona and may register 104" and 106" F. and in fatal altacka may 
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reach as high as 108.4® F. In fatal infections death usually occurs be- 
tween the ninth and fifteenth day. Because errors in diagnosis are easily 
made, laboratory tests are recommended. One of the common tests con- 
sists in the intraperitoneal injection of blood (1 cc. whole blood) into 
male guinea pigs. In positive tests the guinea pigs show scrotal swelling, 
reddening and sloughing of the skin. 

In Idaho a mild type of the disease exists, with a mortality of about 
I to 3 per cent according to Stiles. In a report on spotted fever in Cali- 
fornia covering a period of from 1903 to 1916, Kelly ” states, “that of the 
six cases in Modoc (County) one died, and of the thirty-two in Lassen 
(County) five terminated fatally, giving a mortality of 16 per cent. Thus 
the type of disease in California is apparently not so severe as in the 
Bitter Root Valley of Montana, nor as light as in Idaho.” 

The causal agent was discovered by Wolbach in 1919 who named it 
DcrmaccntrorcntM nckeUsi in honor of Dr. Howard T. Ricketts, who 
made great contributions to our knowledge of both Rocky Mountain 
spotted fever and tj^hus fever and who gave his life in these investiga- 
tions in Mexico. The several rickettsloses transmitted by lice, fleas, 
mites and ticks are caused by Infectious agents known as rickeitsiae, 
hence the causal agent of Rocky Mountain spotted fever is generally 
referred to as Hickettsia rickellsi (Wolbach). 

Parker states that Rocky Mountain spotted fever is endemic in at 
least 39 of the 48 states of the United States. Since 1931 the disease has 
been reported from 26 of the Central and Eastern states, Outside of the 
Rocky Mountain region it is most prevalent in parts of Maryland, Vir- 
ginia and North Carolina. The greatest number of cases occur in popula- 
tions engaged in outdoor oceupations, principally agriculture. Both sexes 
and all ages are subject to the disease. In the western part of the United 
States most of the cases are men, while in the eastern part of the United 
States more women and children contract the disease. Parker suggests 
that this is probably due to the fact that the eastern vector is a tick 
Dermacentor uoriebAts (Say) , which infests the dog, a household animal. 
The Rocky Mountain wood tick is found far less frequently on dogs. 

Tick transmission of spotted fever. — ^After a preliminary investiga- 
tion Wilson and Chowning^^ in 1902 advanced for the first time the 
theory that a tick ("wood tick") acts as the natural vector of the disease. 
According to Ricketts (in 48th Biennial Kept. Montana State Board of 
Health, p. 108) as recorded by Hunter and Bishopp “the first experi- 
ments which resulted in the proof of the transmission of spotted fever 
by a tick were conducted by Drs, McCalla and Brenton of Boise, Idaho, 
in 1905. In these experiments a tick which was found attached to a 
spotted fever patient was removed and allowed to bite a healthy pereon. 
In S days this person developed a tsT^ical case of spotted fever. 'Ihe 
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experiment was contmued by allowing the same tick to bite a eecoad 
person. In this case again a typical case of spotted fever resulted.” 

The famous experiments of Dr. H. T. Ricketts*® began in April, 
1906. The more important published work of this lamented investigator 
has been brought together in a memorial volume from which the fol- 
lowing summary is made of his reports on spotted fever. First of all it 
was shown that the disease could be transmitted to guinea pigs by direct 
inoculation and that the duration of the fever and cutaneous phenomena 
resembled very closely the conditions as observed in humans. Hence, 
knowing the susceptibility of this species, it was used for further experi- 
mentation. 

On June 19, 1906, a small female tick was placed at the base of the 
ear of a guinea pig inoculated intraperitoneally June 11 with 3 cc.of 
defibrinated blood of a spotted fever patient. The tick fed for two days 
on this animal and was then removed and kept for two days in a pill box 
and on June 23 placed at the base of the ear of a healthy guinea pig, the 
former animal dying on the same day with characteristic symptoms. On 
June 28 the second guinea pig showed decided rise in temperature, which 
continued high until July 5 and became normal on July 7. Proper controls 
were conducted and two guinea pigs which were in the same cage with the 
tick-bitten guinea pig for two weeks did not become infected, indicating 
that mere association did not result in contracting the disease. It will be 
noticed that Ricketts called the wood tick which he used Dermacentor 


occidentalis Neum. Evidently the species was actually Dermacentor 
andersoixi Stiles. 


In addition to many other successful experiments during the follow- 
ing year Ricketts found that the disease can be transmitted by the male 
as well as by the female tick and that *‘one attack of the disease estab- 
lishes a rather high degree of immunity to subsequent inoculation.” Fur- 
thermore a collection of ticks taken in the field transmitted the disease 
to a guinea pig in the laboratory, indicating the fact that infective ticks 


occur in nature in small numbers. 

It was also ascertained that “the disease may be acquired and trans- 
mitted ... by the tick during any of the active stages . . • ^ 

larvae of an infected female are in some instances infective. . * ’ , 
disease probably is transferred through the salivary secretion of t w » 
since the salivary glands of the infected adult contain the virus. 
transmission is believed to be "biological rather than purely mechanical 

Experiments conducted by Moore (Ricketts, 1911, loc. cit., PP- 
436) show that the "minimum duration of feeding necessaryor ® ’ 
infect a guinea pig was one hour and forty-five minutes e 
time necessary seems to be about ten hours, while twen y 
almost constantly infective,” Maver (see Ricketts, 19 , ■ ■' 
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440-444) in a series with other species of ticks found that spotted fever 
can be transmitted from infected to normal guinea pigs by nymphal 
Dermacentor variabilis (Say) infected as larvae, by aduU Democenfor 
parumapertus Tncr^inatus Banks and nymphs of Amhlyomma amen« 
canum (Linn.). Ricketts showed transmission by adult Dermacentor 
albipictiis (Packard) infected asn3nnph3. 

The infection in nature. — ^Parker points out that field observations 
made in eastern Montana m 1916 and 1917 suggested that under the "epi- 
zootilogic’' conditions concerned, some agent other than Dermacentor 
andersoni Stiles was likely involved in the natural maintenance of the 
virus. In 1923 Parker ** established the fact that the rabbit tick, Haema- 
physalis leporis-palustri^ (Packard), is capable of transmitting the infec- 
tion from rabbit to rabbit and also that infected rabbit ticks occur in 
nature. A third important fact was established, namely that the infection 
is transmitted by infected female ticks to the egg as in the case of Derma- 
centor andersoni Stiles, While the rabbit tick does not bite man, it is im- 
portant indirectly in that it is a potent vector under natural conditions 
and is furthermore the only known vector which occurs in all parts of the 
United States. The infection carried by this tick is reported by Parker to 
be extremely mild. Rabbits of all species studied are hosts of both wood 
ticks and rabbit ticks. 

The American dog tick, Dermacentor variabHis (Say) , was proved 
to be a carrier of the eastern type of Rocky Mountain spotted fever in 
1931 by Dyer, Badger and Rumreich,*’ who bred larvae from eggs. The 
larvae were fed on a guinea pig infected with the eastern type of the 
disease and after engorgement were allowed to molt and the nymphs 
were fed to engorgement on a non-infected guinea pig and were then 
ground up and injected into fresh guinea pigs, thus establishing a strain 
of virus in guinea pigs. The results of these investigators confirmed the 
early work of Ricketts and Maver (1911) ; they also proved that trans- 
mission is hereditary. Parker ** 1937 reports successful stage-to-stage 
and generation-to-gencration transmission with Dermacentor occiden- 
talts Neum , the Pacific coast tick, and Rhiptcephalue sanguineus (Latre- 
ille), the brown dog tick. In the latter species virus continuity was shown 
from larva! ticks of one generation through six successive stages to 
adults of the next. In Amhlyomma amencanum (Linn.), Maver (1911) 
had already reported larva-to-adult continuity, and transmission from 
female to larvae was accomplished by Parker. With Amblyomma cajen-t 
nense (Fabr ), the Cayenne tick, transmission from larvae to adults has 
been shown, and for Dermacentor parumapterus marginatus Banks, a 
rabbit tick, transmission from n5^^:^)h9 to adults was shown by Maver 
(1911) and continuity from larvae to nymphs as well as survival of the 
virus in adults was shown by Parker (1937). Parker slates that these 



436 MEDICAL ENTOMOLOGY 


experiment was continued by allowing the same tick to bite a second 
person. In this case again a typical case of spotted fever resulted.” 

The famous experiments of Dr. H. T. Ricketts » began in April, 
1906. The more important published work of this lamented investigator 
has been brought together in a memorial volume 20 from which the fol- 
lowing summary is made of his reports on spotted fever. First of all it 
was shown that the disease could be transmitted to guinea pigs by direct 
inoculation and that the duration of the fever and cutaneous phenomena 
resembled very closely the conditions as observed in humans. Hence, 
knowing the susceptibility of this species, it was used for further experi- 
mentation. 

On June 19, 1906, a small female tick was placed at the base of the 
ear of a guinea pig inoculated intraperitoneally June 11 with 3 cc. of 
defibrinated blood of a spotted fever patient. The tick fed for two days 
on this animal and was then removed and kept for two days in a pill box 
and on June 23 placed at the base of the ear of a healthy guinea pig, the 
former animal dying on the same day with characteristic symptoms. On 
June 28 the second guinea pig showed decided rise in temperature, which 
continued high until July 5 and became normal on July 7. Proper controls 
were conducted and two guinea pigs which were in the same cage with the 
tick-bitten guinea pig for two weeks did not become infected, indicating 
that mere association did not result in contracting the disease. It will be 
noticed that Ricketts called the wood lick which he used Demacentor 


occidentalis Neum. Evidently the species was actually Demacentor 
andersom Stiles. 

In addition to many other successful experiments during the follow- 
ing year Ricketts found that the disease can be transmitted by the male 
as well as by the female tick and that “one attack of the disease estab- 
lishes a rather high degree of immunity to subsequent inoculation.” Fur- 
thermore a collection of ticks taken in the field transmitted the disease 
to a guinea pig in the laboratory, indicating the fact that infective ticks 


occur in nature in small numbers. 

It was also ascertained that “the disease may be acquired and tra^ 
mitted ... by the tick during any of the active stages . . . and that le 
larvae of an infected female are in some instances infective. . . • ^ 

disease probably is transferred through the salivary secretion of the twk, 
since the salivary glands of the infected adult contain the virus. ^ I 
transmission is believed to be “biological rather than purely mechanic 

Experiments conducted by Moore (Rickette, 1911, loc. ci •> PP* 

436) show that the “minimum duration of feeding necessary or ^ ‘ 
infect a guinea pig was one hour and J. ® „ ^ere 

time necessary seems to be about ten hours, while twen y 
almost constantly infective.” Maver (see Ricketts, 191 , 
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progressively less effecUve as the virulence of infecting strains is 


Colorado tick fever— Parker (1937, loc, cit.) states that in many 
parts of the Rocky Mountain region, febrile reactions, which do not 
appear to be provoked by any recognized tick-borne disease agent, are 
of relatively frequent occurrence following the bite of Vermacentar 
andersoni Stiles. The most definite of these symptom complexes is most 
commonly referred to as "Colorado tick fever." It is a "disease of a 
remittent type and is commonly characterized by the occurrence of two 
febrile periods, each of two to four days* duration, with a remission period 
of one to several days between. The outset is sudden and the fastigium is 
often reached within the first 24 hours. There is no rash. Symptoms 
other than fever are malaise, chilly sensations, severe headache, non- 
productive conjunctivitis, photophobia and generalized muscular and 
joint pains with particularly severe aching in the lumbar region. The 
malaise is usually intense. Constipation is the rule. The temperature 
often reaches 104° to 105° F. or over, but may not exceed 101° to 102° F. 
The pulse rate is frequently 120 to 130. In most instances, though not 
always, the symptoms are more severe during the first febrile period. 

. . . It is non-fatal." 

Tick transmission of tularaemia. — Parker^® writes that tula- 
raemia infection in ticks was suspected in numerous instances during the 
seasons of 1922 and 1923 on account of the gross lesions at death in guinea 
pigs into which such ticks had been injected. Confirmation was made by 
cultivation of PastetcreUa (=Bacterium) tularensis from guinea pigs in 
which the tick strain had been propagated. Dermacentor andersoni 
Stiles collected from nature proved infective; also experimentally, infec- 
tion acquired by immature ticks was passed on to subsequent stages of 
the same generation. Later Parker and Spencer (1926) demonstrated 
congenital transmission. This is believed to be the first record of hered- 
itary transmission of a known bacterial infection. Probably several 
species of ticks are able to transmit the infection; Dermacentor occi- 
dentalis Neum. and Dermacentor variabUis (Say) have been incrim- 
inated. Haemaphysalis lepom-palustris (Packard), tie rabbit tick, JS 
responsible for the maintenance of the infection in nature. Pasteure a 
tularensis has been recovered both from infected sage hens in Montana 
and from the tick, Haemaphysalis cmnabarina Koch, taken from 
same birds. Recently Davis and Kohls « (1937) discovered evidence 

a earner 01 


indicating that Ixodes ricinus var. 

tularaemia to human beings. xx -t. * kuin+irks 

Tick paralysis.-A paralysis of sheep and calm attributable to tick 

has been known in Australia according to Henning vo. , 



TICKS AND TICK-BORNE DISEASES 


441 


619) since 1843. Paralysis reported as “acute ascending paralysis” asso- 
ciated with tick bite was described in 1912 by Temple in Oregon The 
case reported was that of a child in which there was a complete paralysis 
of the motor and sensory nerves extending to the knees, causing inability 
to stand in the morning after retirement in apparent good health On Hie 
third day the paralysis had involved the nerves of the throat and the 
child was unable to swallow or speak. Upon removal of two fully en- 
gorged ticks from the occipital region recovery was rapid and complete 
within a week. The licks were not positively identified, though they were 
presumably Dermacentor andersoni Stiles. In 3913 Hadwen ss reported 
cases of paralysis in sheep following the bite of Dermacentor andersoni 
Stiles {D. venustus Banks) . He also cites excerpts from letters to Todd 
{Canadian Med. Assoc. Journ. 1912) from physicians in British Colum- 
bia indicating frequent occurrence of paralysis in children following tick 
bite. The ticks were commonly removed from the nape of the neck. This 
tick has a decided preference for biting along the spinal column. 

In 1913 Hadwen and Nuttall ** report having produced paralysis 
experimentally in the dog by means of Dermacentor andersoni Stiles {D 
vsn«5f«sBanks). The paralysis was the same as in sheep. Intheexperi- 
ment reported paralysis was caused by a single tick in eight days. Tlie 
authors state “on the hypothesis that the symptoms are due to toxins 
given off by the tick, 'the period of incubation’ might be explained on the 
supposition that it is only when the tick commences to engorge or feed 
rapidly, some days after it has become attached, that It gives off tljc 
hypothetical toxin in its saliva in sufficient quantity to produce patho- 
genic effects.” 

Tick paralysis is widely distributed in the western United States and 
Canada adjacent to the Rocky Mountains and coincides with the dis- 
tribution of Dermacentor ondersomStiies. Hearle, 1938 (loc. cit.), states, 

“As an index of the wide distribution of this trouble in British Columbia, 
incomplete returns from medical practitioners indicated that nearly 150 human 
cases had been noted in the province . . . casw in sheep have been parliculariy 
numerous, and many deaths have resulted. Cattle are usually less susceptible, 
but trouble from tick paralysis has been noted from time to time, and in Uie 
spring of 1D30 a serious outbreak m steers was investigated; over 100 paralysis 
cases, sixty of them fatal, being noted in one herd. We know of only one equine 
case. In sheep districts where this trouble is prevaient, flock masters are obliged 
to examine their animals frequently for the purpose of removing the offending 


head, the region of the spme and along the neck, since this is where they mainly 
become attached.” 

Ixodes holocyclus Neumann causes paralysis in calves, sheep and 
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dogs in Australia. Accordine to Ross « this condition i, caused only by 

the host. He used the dog in his experimental work. 

The Texas cattle fever tick, Boophilus annuiatus (Say) (Aforgar- 
op«5 annulat^ Say) (Fig. 160) is normally restricted to North America 
south of the 37® latitude into parts of Mexico. It is typically a cattle tick, 
aithough it occurs at times in emaller numbers on deer, sheep, horses, 
mules, and other animals. The bison is evidently also a suitable host. 

Fully engorged females range in length from 10 to 12 mm., 'whUe the 
male ranges from 3 to 4 mm. The body of the female is about equally 
rounded both posteriorly and anteriorly with a slight median incurving. 
The anterior pair of legs is eet well out on the shoulders away from the 
capitulum (in Dcrtnacentor close to the capitulum) . The palpi are veiy 
short and stalky, so that the entire capitulum or head is inconspicuous 
The relatively small (about 1 
mm. long) scutum or sbield is 
solid chestnut-brown in color. 
This is commonly the only species 
of lick in some localities with a , 
chestnut -brown scutum. Two 
other species of ticks with a chest- 
nut-colored scutum occur occs-^ 
sionally with the Texas fever 
tick, namely the "Lone Star 
Tick," Amblyomma americanwx 
(Linn.) which has, however, a dis- 
tinct silver white circular spot at 
the posterior end of the scutum, and Ixodes rictnus (Linn.) end its 
varieties, e.g., Ixodes ricinus var. caK/omicus Banks, in which the capittl- 
lum is long, and the anterior pair of legs are attached close to it. Other 
more technical diagnostic characters must, of course, be taken into con- 
sideration. ' 

The stigmal plates of B. annvlalus (Say) are nearly circular; tne 
porose areas are elliptical and far apart. . 

Economic importance. — In 1906 it was estimated that the , 
losses to the South (U. S.) occasioned by the "cattle tick" directly an 
indirectly prior to 1906 amounted to 1130, 500, 000.« This 
n ) death, from Texas fever, of pure-bred cattle imported from the rvoru 



Fm IfiO.— The Tei*« fever tick, 
fu< annuratui; (left) and mate 

(right) X 3.5. 


5 fever, when cattle reared 


for breeding purposes; (2) death, from Texas fc»^*, "~y-. mj, 

in isolated tick-free areas are unintentionally or accidentally p 
ticky cattle, or on tick-infested areas; (3) death <> .-“f; 
excessive parasitism and fever, occasioned by J . - • -• 

loss of weight hy all tick-infested cattle, and their failure to gam 
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a rate great enough to make beef pxodoctjon'profilable; (5) the lower 
price which "Southern" cattle bring upon the market, regardless of how 
perfect their condition may be; (6) sterility induced in high-grade cattle 
hy tick infestation; (7) the expense of mnintammg theFederai quaran- 
tine for the protectioi\ of the North against invasion by the tick, and the 
added expense of maintaming quarantine pens for southern cattle shipped 
North for slaughter; (8) the discouraging effect on the breeding of pure- 
bred cattle in the South by reason of southern breeders not being allowed 
to exhibit in northern show rings; (9) by no means least, the potential 
loss in fertility of southern farm lands due to a one-crop system which, 
with the tick eradicated, would quickly give way to a diversified agricul- 
ture which would conserve and increase the fertility of soils; (10) shrink- 
age in milk production of ticky cattle. 



FlO. ISl— larra (right); of tbo Texas ferer tich, BoSphSui axnafatvr. 

X SO. 

From 1906 when cooperative tick-eradication work was undertaken 
between the U. S. Bureau of Animal Industry' and State authorities, to 
December, 1918, a total of 458,529 square miles of territory was released 
from quarantine against Texas cattle fever, which speaks well for the 
methods employed,*^ Less than onc-fiftb of the area under quarantine 
in 1906 remains so today. 

Life history of Texas fever tick.— BoopAilus annulatus (Say) is a 
onc-host tick The hfe history may be divided into two phases — (1) the 
parasitic phase during which the tick is attached to the host and termi- 
nates when the mature tick drops to the ground after fertilization; (2) 
the nori’parasiU'c phase w’hen the tick m on the ground. After the mature 
female tick drops to the ground, there is a pre-oripositicn period of three 
or four days to perhaps a month. Ovipwition usually begins about 73 
hours after the tick drops and continues usually for eight or nine days 
but may be greatly prolonged due to adverse temperature. 
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hatched ticks, again varies considerably, depending on temperature; the 
longevity for April ticks was found to be 6S.I days, May 62,3 days, June 
65.1 days, July 386 days, August 84 9 days, October 167.4 days. The 
total average ranged from 86.9 days for June to 279.6 for October. 

The three stages considered in the parasitic period of the ticks are 
larval (seed tkk) , uyrophal and adult. As GraybiU has well said, “The 
duration of each of these stages and the duration of a single infestation 
upon cattle during different portions of the year are of great practical 
importance. Upon the duration of an infestation depends the time ani- 
mals must be kept on the tick-free fields in order to become free from 
ticks.” After the seed tick has attached itself to the host, the larval 
period ranges from 5 to 10 days, the nymphal period from 5 to 20 days, 
and the adult females from 5 to 35 days, with a total period of infesta- 
tion, including the time for molting twice, which is accomplished on the 
host, from 20 to 65 days. The entire life cycle may be completed in about 
40 days under moat favorable conditions, usually nearer 60 days under 
natural conditions. 

Texas cattle fever. — Red water, splenic fever, bloody murrain, Mexi- 
can fever, tick fever, etc., are names given to a widely distributed disease 
of cattle, endemic in southern Europe, Central and South America, 
parts of Africa, Mexico, the Philippines, and the southern United States 
where it has been knorsm for more than a century, having been introduced 
into this country probably from Europe. TTje causal organism is Babesta 
bigemina (Smith and Kilbourne). 

The name Texas fever became attached to the disease in the United 
States because of the large herds of cattle which were driven northward 
from Texas and gave a certain disease in some m>'sterious manner to 
northern cattle that crossed the trail of the southern cattle. The first 
account of the disease was given by James Mease in 1814 before the 
Philadelphia Society for Promoting Agriculture. In 1879 Salmon began 
an investigation of the ifisease; and in 1889 Theobald Smith made his 
epoch-making discovery of the intracorpuscular protoioan parasite in- 
habiting the blood of the diseased cattle. Immediately thereupon fol- 
lowed the experiments of Smith and Kilbourne, on suggestion of Salmon, 
which proved the disease to be tick-borne, a suspicion held a? early as 
1869 according to Smith and Kilbourne. Until that time (1889) infection 
was variously attributed to saliva, urine or feces. 

The disease may assume either an acute or chronic form, the acute 
occurring during the summer months and the chronic during the autumn 
and early winter. The symptoms of the acute form are as follows: The 
temperature often rises to 106® to 108* F. within twenty-four to forty- 
eight hours. The sick animal leaves the herd, stands with arched back, 
head lowered and ears drooping, the musrie dry, appetite lost and rumi- 
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nation stopped. There is constipation during the first stage of the disease 
which may give way to diarrhea later. The manure is frequently stained 
with bile and may be tinged with bloody mucus; the urine is often very 
dark red or coffee-colored. The blood becomes thin and watery, so that 
when making an incision into the tip of the ear and allowing the blood to 
flow over the hand it does not stick to the hand as does the blood from a 
healthy animal. 

Vast numbers of red blood coipuscles are destroyed by the parasites, 
which accounts in a measure for the reddish color of the urine through the 
elimination of haemoglobin by the kidneys; and it is believed that the 
excessive work that the liver has to perform in attempting to trans- 
form the excess of destroyed corpuscles into bile, causes this organ to 
become deranged in function, and eventually a complete stagnation 
may result with fatal termination. Mortality ranges from 50 to 75 
per cent. 

The chronic form of the disease according to Mohler*® shows all the 
symptoms of the acute type, but in a milder degree. The temperature 
usually remains about 103° and never exceeds 105° F. There is loss of 
...... ^ • . •••.'*•' r-J-tf-Tjjnjntheurine 

‘ •• r • .le and bloodless 

mucou.s membranes, is also present, but haemoglobin is not usually ex- 
creted by the urine ; hence the red«waler symptom is absent. There is also 
excessive loss of flesh and before the end of the attack, the affected animal 
is greatly emaciated. Although death rarely occurs, the value of the 
animal is much reduced. 

ExperimontaX evidence.~ln 1888 an "investigation into the nature, 
causation and prevention” of the disease was undertaken by the Unite 
States Department of Agriculture, Bureau of Animal Industry, under the 

direction of D.E. Salmon. The work was done by Theobald Smithy and 
F. L. Kilboume and marks a most important epoch in our knowledge o 
protozoan diseases and in preventive medicine.^ 

During a period x>{ about four years of almost continuous inves iga 
tion, the problem was exhaustively studied in both the field 
laboratory. The field experiments were carried out along three diSerea 


ties . 

“(1) Ticks were carefully picked from Southern anini* m tMt Mie mu)^ 
, d The object of this group of „„ 


Northern cattle were miecieu uy ,, 

ficiaily, i e., in closed dishes in the laboratory 
loc. cit.). 


(Smith and Knuouiu^ -= 
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continue on the infested pasture and treating them at regular intervals 
with agents destructive to ticks, each as arsenical dips. 

Dipping . — Proper dipping of all cattle in a given area at 14-day intcr- 
\'als when tick development is rapid, beginning during March and con« 
tinuing until November, according to Ellenberger and Chapin (loc. cit.) 
win result in complete eradication of the cattle tick. The reason for this 
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which sliovv Jio (liffercntiation between the seves. Tiie gametes become asso- 
ciated in pairs, the individuals of which eventually fuse to form the zygote. 
The zygote becomes a motile ookinete Vrhich passes through the thin wall of the 
gut and penetrates the contiguous reproductive organs. The ova of the tick 
are invaded by the ookinetes which round up and grow to form sporonts. The 
spoTont secretes a cyst within which it divicks to form naked sporoblasts. The 
sporoblasts form multinucleate sporokinetes which migrate and are carried by 
cell proliferation throughout the tissues of the developing tick; some of the 
sporokinetes come to occupy the onfogen of the salivary glands The sporokincte 
undergoes fragmentation to form the minute infectious sporozoites." (Fig. 162,) 



Fro 162. — A schematic dia- 
gram of the Jife-cycle of 
beam l>f?emha 1 6, the ejeJe 
in the Wood of the bovine host, 
showing binary fission, 7, para- 
site just taken into gut of tick; 
8, freed trophozoites in the gut 
of the tick; 9, ven»5cule-lJ*e 
isogametes; 10, _ begioni’ng of 
syngsmy, association cl loe 
gametes in pairs; H, comple- 
tion of sjTigamy; 12. tDoUie 
zygote, or ookinete; 13 1|. 
ookinete passing tbrou^ 
of the gut of the tick. tbrou|h 
the oviduct, and entering tpe 
ovum; 15. siHiront formed W 
the rounding-op and Kro’*’t“ ® 
(he ookmete; J6Jr, towtw 
of sporobleite; 

jn eae of the large Celle wkiefi 
are destined to form part pt a 
tahrary acinus; IP, 

,n the salivary gland (a aiogse 
acinus shown) of tie Jsrrs « 
the tick, whence they are tf»M 
lerrcd into the blood of a vtv 
host. (After Beams.) 


niras feiigr tick control.-Methods tor ft. ® “'tfS 

cattle fever tick are described m detail m divide the 

States Department of Agriculture. f ronsisling oI 

methods of control under thelicadlngof ( * (jefa have 

exclusion of cattle, horses and “ jd because tbcoivneris 

diedfrom starvation. Tbispauisseto^ 

usually unwilling to give up the . J” • j yc for the rather cora- 
the uccessaiy tick-free fields a later section. (« 

plicated method of pasture ^ (.ottla and other animals In 

Indirect method consists in peroutlmg t 
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continue on the infested pasture and treating them at regular intervals 
with agents destructive to ticks, such as arsenical dips. 

Dipping.-^Vioper dipping of all cattle in a given area at 14*day inter- 
vals when tick development is rapid, beginning during March and con- 
tinuing until November, according to Ellenberger and Chapin {loc. cit.) 
will result in complete eradication of the cattle tick. The reason for this 



Fw 163 — FJsn lor freeing cattle and paelurea from ticka by rotation, requiring fom 
and one half months (ItedrawTi after Graybtll ) 

repeated dipping is that this will result to the destruction of all ticks that 
get on the animals before they have had a chance to mature and drop off. 
The cattle act os collectors of ticks which will be destroyed regularly by 
dipping at the intervals designated. 

Arsenical cattle dips have been found most efficacious All arsenical 
cattle dips contain argenious oxide as the active tickicide, but since 
straight arsenious o.xidc is so slowly soluble in water, sodium carbonate 
or hydroxide is ncces.sary to bring it into aolulion. In this way the white 
arsenic is changed to sodium arsemle. Proprietary arsenical cattle dips 
are now readily available. 

Posture rufari'an.— ExterminaUng ticks by pasture rotation is based 
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on the time required to kill tte ticks by starvation. Inasmuch as the 
longevity of ticks depends on moisture and temperature mainly, local 
conditions affecting the same must be taken into consideration. Cold 
and moisture prolong life, while dryness and heat shorten the same. 

In pasture rotation the cattle are kept off a given pasture for a given 
length of time, after which they are moved to a third area, etc., until all 
ticks have matured and have dropped from the cattle and have died from 
starvation on the earlier plots. Thus a field should be divided into three 
or more plots each separated by means of two fences about fifteen feet 
apart to reduce the opportunity of ticks to crawl from one plot to the 
other. 


Various plans requiring from four ai/d a half to eight months have 
been devised to free both cattle and pasture from ticks. Thus a plan 
requiring four and one-half months is described by Graybill ** (Fig. 163). 
He advises dividing the pasture in the middle by two lines of temporary 
fencing fifteen feet apart. This is to be done some time in the spring. The 
herd is first kept in field No. 1 A, and is then removed, on June 15, to field 
No. IB, and on September 1 to field No. 2A. The cattle must renaalD 
twenty days on fields 2A, 2B, and 3. At the end of this time, which would 
be November 1, all the ticks will have dropped and the herd is returned to 
field No. lA, which has become free from ticks in the meantime. Field 
No. IB becomes free from licks July 1 of the following year, when the 
double fence between lA and IB may be removed and the cattle may 
then (and not before) graze over both fields. By August 1 the entire farm 
will be free from ticks. 


Graybill advises as above that double fences be built between all 
the fields, when practicable, in order to prevent ticks from getting from 
one field to another. In place of the ejrtra line of fence the next 
thing would be to “throw up several furrows with a plow on each si e 
of the dividing fences,” If streams run through the farm or the slope o 
the land is considerable, so that ticks may be washed from field ’ 
he advises arran^ng the fields so that drainage is from field No. 1 o 

No. IB, and from No. 3 toward fields Nos. 2A and 2B. 

East Coast fever is a highly fatal disease of cattle along the 
Coast of equatorial Africa. The mortality may run over 90 per cent. i n 
disease is caused by the protozoon, Theileria 
therefore a form of piroplasmosis (theileriosvs) though unbke re 
it is not readily transmitted by means of blood moouiations, do Jb 

jaundice or haemoglobmuria. A very charartenste symptom 

of the superBcial lymphatic glands. „.,raIlvfrom )0 

The incubation period varies from 9 to 19 days ® . ’I’ 

to 15 days. The disease is transmitted by several s^ciM 

by Lounsbury.« He first proved the adult brows Uck, Rhiptcepn 
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appendicuJatus Neum., to be a vector, and later showed that the disease 
may also be transmitted by the Cape broam tick, Rhipicephalus capensis 
Koch, and the red tick, Rhipicephahis evertsi Neumann. 

Henning states that unlike red water, East Coast fever is not trans- 
mitted from the adult female tick to the larva through the egg, but only 
by an adult tick which became infected during its nymphal stage, or by 
a nymph that became infected during its larv'al stage While JSAtpi- 
cephalus appendiculatus Neum.,R, copmwKoch and R. simns Koch are 
toree-host ticks, R evertsi Neum. is a two-host tick, hence as the tick re- 
mains on the same host during both its larval and nymphal stages trans- 
mission of the infection is possible only during the adult stage. The infec- 
tion is not transmitted through the egg. Lounsbury and Theiler both 
found that ticks of the three-host species which have sucked infected 
blood during their larval stage can transmit the infection only during 
their nymphal stage ; i.e., whether the nymph feeds on either a susceptible 
or non-susceptible host, infectivity is lost. A single tick can transmit the 
infection only once, and that during the stage that follows the one having 
had the infectious meal. 

Equine piroplasmosis.— At least two types of piroplasmoses are 
found in horses, mules and donkeys, namely true equine piroplasmosis, 
traceable to Babesia eaballi (Nuttall), occurring in Africa, Russia, 
Transcaucasia and probably Siberia, and secondly a similar though dis- 
tinct disease traceable to Nuttallia egut (Laveran) occurring in Trans- 
caucasia, Italy, Africa, India and &uth America (Brasil). Babesia 
eaballi is transmitted by Dermacentor rettculatus (Fabr.) in Russia; 
and Nuttallia egui is transmitted by Rhipicephalus evertsi Neum. in 
South Africa. 

Canine babesiasis (piroplasmosis), also known as “malignant 
jaundice" of dogs, is prevalent in southern Europe, Asia, South Africa, 
and recently in the United States (Florida) . The causative organism is 
Babesia canis {Piana and GalH-Valerio) and the carrier is RftipicepAoIus 
aonpwtncus (Latr.) in India, southern Europe/ and the United States; 
Haemaphysalis leachi (Audouin) is a South African vector, and Derma- 
centoT reticulatus (Fabr.) and /rodcs rictnus (Linn.) transmit the infec- 
tion in southern Europe. Brumpt and Larrousse^^ have shown that 
Dermacentor andersoni Stiles can carry the disease. The infection is 
hereditary in the tick, but transmission to the dog is effected by the bite 
of the adults, but not by the larvae and nymphs according to Brumpt.** 
The incubation period varies from 10 to ^ days. Sanders ** recently 
(1937) reported that R. sanguineus (Latr.) is by far the most common 
species encountered in kennels and on animals affected with canine 
babesiasis in Florida. 

Sanders (loc. cit.) states that the acute form of this infection is not 
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difficult to diagnose; "the high teraperature> increased pulse anti resijira- 
tion, progressive anemia, jaundice, the history of tick infestation and the 
demonstration of the causal organism are usually observed." 

Heartwater is a dreaded disease of South African sheep, goats and 
cattle, and is caused by Rickettsia rummantium (Covfdry) , It is canied 
by the "bont” tick, ^mhfyonima hebraeum Koch, 

Henning (Animal D)seasesofSouthAfrica,voI. II, p. 545) slates that 
the bont tick may subsist on any warm-blooded animal ; it has been found 
during all its stag^ on man, all species of dorocstic animals and several 
species of antelopes. Bovines are its favorite host. This tick may Jay as 
many as 15,000 eggs. The tick becomes a vector of the infection only 
after it has sucked blood from a diseased animal, i.e,, hereditary infec- 
tion does not occur, hence the newly batched larvae are not infectious. 
Amblyomma variepotum (Fabr.) is able to transmit the infection in the 
adult stage. 


Bovine anaplasmosls.— -Anaplasmosis is an important and practi- 
cally world-wide infection of cattle caused by -minute punctiform blood 
parasites described by Thdler in 1910 as AnopZosma wargmole with the 
organism at or near the periphery of the cell and Anaplasma marginaU 
variety cenfrale, a somewhat smaller body, located approximately In the 
center of the red corpuscle. 

Anaplasmosis is described by Stiles as an acute, subacute, or 
chronic, febrile, infectious, protozoan disease, choracterired by loss of 
^esh, labored breathing, suspension of milk flow, anemia, jaundice, and 
marked degenerative changes in the red blood enrpuscles owing to the 
activity of the microscopic parasitca. The average mortality ranges from 
30 to 50 per ceivt in the animals affected. 

Rees records a total of ten species of ticks which have been W' 
criminated by various investigators in the transmission of anaplasmosis , 
viz., Sodphilus annulatus (Say), B. decoloratus (Koch), B. 
(Canestrini), Rhipicephalus simvs Koch, R. bursa Canestrini et Fan- 
zago, Ixodes ncinvs (Linn.) , Hyofomma lusitanicum (Koch), and three 
others -which have been incriminated by himself, Rhipicepholus sen ^ 
guineus (Latreille), Dermacentor voriabilts (Sr.y), and JD. andersam 


In 1936 Herms and Howell « reported five coses of tick transmmou, 
two non-hereditary with Dermacentor albipxctus ° 

andersoni Stiles, and three in which the infection passed 
of the western dog tick, Dermacentor occidenfalts Neum. (Fig 
offspring being infective in both the larval L ^ere 

congenital tiansnussions from the time the \ appeared 

applied to the host animal to the time that margmai „ 

in the blood the elapsed lime was 37 days, 32 day s an 5 
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tively. In the two non-hereditary transmissions the elapsed time was 
28 and 29 days. 

That deer, the southern black-tailed deer, OdocoUevs hemionus 
columbianns (Richardson), and the Rocky Mountain mule deer, Odo- 
coileus hemionus hemionus (Rafinesque), may serve as reservoirs for 
anaplasmosis was proved by Boynton and Woods in 1933.®’ 

To free dogs of ticks a thorou^ application of derris powder or wash 
is recommended by Bishopp and Smith.®* Tbese authors state that derris 
when used as a powder should have a rotenone content of at least two per 
cent and should be applied at intervals of two or three days. A dip or 
wash can be made by dissolving an ounce of soap in a gallon of water and 
adding two to four ounces of derris powder of which the rotenone content 
is four per cent. The dip should be applied at intervals of five or six days. 

The application of the powder is simpler, and kills the ticks with 
which it comes in contact, but a more thorough covering is secured when 
a wash or dip is applied. The wash also has a 
longer repellent action. 

Coal-tar creosote as used for cattle dip may 
also be used. 

Family Aroaswae 

Relapsing fever ticks belong to the genus 
OmithodoTos and are characterised in common 
with other members of the family Argasidae fay 
the absence of a scutum and the leg-like palpi 
associated with the ventral capituluro. The gc- 
msOmithodoros is distinguished from the genus 
Argas by the distinctly rounded sides of the body, whereas in the latter 
{Argas), the narrow marginal border is always distinctly visible even 
when the tick is fully replete. Omithodoros ticks have the "anterior end 
more or less pointed and hood-hke. Margin thick and not clearly defined, 
similar in structure to the rest of the integument, and generally disap- 
pearing on distention Capitulum subterminal, its anterior portions often 
visible dorsally in the adult. Disks present or absent; but when present 
not arranged radially (see Argas). Certain fairly constant grooves and 
folds on the venter, namely, a coxal fold internal to the coxae, a supra- 
coxal fold external to the co.xae, a transverse pre-anal and a transverse 
post-anal groove or furrow, and a post-anal median groove. Eyes present 
or absent" (Nuttall and Warburton). 

Omithodoros tnouhaia (Murray), the African relapsing fever tick 
(Fig lC5),occur3 only in Africa- It occurs in native huts, hiding in dust 
and thatch It feeds chiefly at night and engorges rapidly ns does the 
bedbug. It is an eyeless species with a specific arrangement of the 
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“humps” on the protarsus of Uie first pair ol legs, being “subequal and 
tooth-like." The adults measure from 8 to 11 mm. in length and about 
7 mm. in breadth. The color varies from dusty brown to greenish brown 
in living specimens and turns reddish or blackish brown in alcohol. Eggs 
are deposited in batches of from 35 to 340 at intervals after blood meals 
during the lifetime of the female. The maximum number of eggs laid 
by one female was 1,217 according to Jobling.s^ Hatching takes place in 
from 7 to 11 days and over, depending on temperature. Experimentally, 
at least, the active larvae attach themselves to a warm-blooded host, 
remaining attached for nearly a week, when they become disengaged and 
molt, the nymph now appearing. The nymphs feed at intervals, molting 
once or twice between each meal; there may be six to nine molts and 
apparently young females molt even after sexual maturity has been 
reached, according to various observei^, and individuals may remain 
infective for over a year. Wellmann has ob- 
served that this species attacks a wide range 
of animals besides man, notably pigs, dogs, 
goats and sheep ; Nuttall found them to feed 
in his laboratory on rabbits, mice, rats, mon- 
keys and fowls. 

Tick-borne relapsing fever. — Although 
we are told that the natives in many parts of ^ 
Africa have dreaded tick bites for many 
generations, David Livingstone, the explorer, 
in 1857 was the first to report upon the evil 
efiects following the bile of a tick which was 
named Omithodoros mouhata (Murray, 
1877). It was not, however, until 1904 that 
Hoss and Milne,®® and in 1905 Dutton and Todd, ®^ reporting from Uganda 
and the Congo, and almost simultaneously Robert Koch from German 
East Africa, gave us the knowledge that these evil effects were due to an 
endemic relapsing fever and that the tick named by Murray, and whic i 
was 80 dreaded by the natives, was a vector of the spirochaefal agent, 
SjnVochaefa duttoni Novy and Knapp. 

The symptoms of the disease are described by Nuttall (loc. cn., 
1908), as follows: 



Fw 165 — Atxwaw T«lap«- 
ing fever tick, Ornilhodorut 
moutata X 3 


"Headache (especially at the back of the head), voffliling, 
aod putgag, tcift severe toer, a pulse of 90 to 120, dry hot 
audshXL of breath Afte;a pcri^_oHe_vecIa^m^^ 

. ■ ' . . . » ' , /Sordinnzm’- 

_ ^ , . ’ . . weak condition 

‘ . , ■ ■ ' occurs in about 



455 


TICKS AND TICK-BORNE DISEASES 

How infection is transmitted. — Dutton and Todd {loc. cii) proved 
that the infection is transmitted to the offspring of the female tick 
through the egg. The newly hatched larvae were proved to be infective. 
Once infected the tick remains so and the infection may be transmitted 
at least as far as the third generation. The infection is transmitted when 
the tick bites, but infection is believed to be accomplished principally 
by means of infectious tick feces; the coxal fluids are believed to play an 
important role. The attack of fever takes place in the human in from 
5 to 20 days after the tick has bitten. Feng and Chung report that 
"shortly after the spirochaetes are ingested by the ticks they penetrate 
the stomach wall and reach the body cavity as evidenced by finding 
spirochaetes in the legs six hours after the infective feed. . . . The spiro- 
chaetes gradually disappear from the stomach and reach the body cavity 
with the result that from the twelfth day onwards no more spirochaetes 
could be found in the stomach contents. . . . From the body cavity the 
spirochaetes invade the salivary glands, the coxal glands, the reservoirs 
and the nerve ganglion . . . The constant presence of numerous spiro- 
chaetes in the acini of the salivary glands and the finding on several oc- 
casions of spirochaetes actually inside the small salivary ducts suggests 

that besides the coxal fluid the bite alone may also be infective (The 

spirochaetes) multiply by transverse division after they have penetrated 
the stomach wall and reached the body cavity and other organs of the 
tick. . . . Mice inoculated . . . with fcccs remained sterile.” 

Ttek-transmitted endemic relapsing fever m the United States was 
first reported by Weller and Graham*^ in central Texas in 2930. 
According to Parker et al. ( 1937, loc. cit., p. 433) it is now apparent that 
cases of relapsing fever reported by various investigators in Colorado, 
California and Texas, previous to that time and in Arisona, Nevada, 
Kansas, New Mexico, Washington, and possibly Montana were all of 
endemic origin. The transmitting agent has been identified in only the 
following of the states listed above, Omithodoros tuncata (Dug^) in 
Texas, Ariiona and possibly Kansas, and Omithodoros hermsi Wheeler 
in California and Nevada. 

Weller and Graham (loc. cit.), 1930, foimd a cave in the Colorado 
River Valley of central Texas which was "literally alive with ticks, a 
handful of sand yielding thirty or forty of different sices.” The species 
was identified as Omithodoros tvrieata (Dug^). The cave, it was re- 
ported, is "frequented by goats and sheep; also probably wild animals 
such as bats, foxes, skunks and rabbits " Some of the ticks were applied 
to three rabbits, allowed to feed for fifteen minutes and then crushed 
and rubbed into the abrasions. Spirochaetes were observed in the blood. 

Tick, transmission in California. — In 1921 Briggs*® reported two 
cases of relapsing fever in which the infection had been contracted at 
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Polaris (Nevada Co.) on the Truckee Eiver, California. It is evident 
that Briggs suspected lice because he remarks, “Many tramps, put off 
trains at Truefcee, find a day or so of employment here, only to move on. 
It is quite evident, therefore, that there are great opportunities for tjie 
dissemination of vermin by a nomadic population.” In a letter to Dr. 
Briggs under date of October 14, 1922, Dr. Mark F. Boyd states that 
prospectors sleeping in an abandoned cabin near Verdi, Nevada, were 
badly bitten, by ticks, identified by Banks as Omithodoros talaje 
(Guerin- Meneville) . “The locality,” he writes, “cannot be very far dis- 
tant from the place where your cases received infection, at any rale close 
enough so that this species of tick would naturally demand considera- 
tion.” In the light of later developments it is of interest to know that 
prospectors working in altitudes of 5,000 feet and over reported suffer- 
ing from a disease which they called “squirrel fever.” 

Porter, Beck and Stevens** state that no further cases of relapsing 
fever came to the attention of the California State Department of Public 
Health until September, 1930, when Dr. George Stevens reported a case 
of a school teacher who had lived at Big Bear Lake (San Bernardino 
County) during July and August. In 1930 Major V. H. Cornell reported 
a case in which infection had been contracted at Lake Tahoe (Eldorado 
County) during July. In June, 1932, C. M. Wheeler, an assistant on field 
duty, contracted relapsing fever at Packer Lake (Sierra County) by 
accidentally smearing his fingers with blood from a Sierra chickaree 
squirrel (5ciwrt« douglasO) which with four others be had shot a few 
minutes previously.*^ The blood from the squirrels proved positive for 
spirochaetes {,Sx)iroch.aeia recuTrentis Lebert) . Seven days after the acci- 
dent he developed a proven case of relapsing fever. 

On August 12, 1931, three specimens of mature undescribed Omitbo- 
doros ticks were taken in a cottage near Brockway on Lake Tahoe (El- 
dorado County) at an elevation of approximately 6,000 feet where cases 
of relapsing fever had occurred about a month previously. In Augus , 
1934, more ticks of the same undescribed species were 
relapsing fever cabin at Big Bear Lake at an elevation of abou , 
feet. Other specimens were taken in various localities of the three coun 
ties already named (Eldorado, Placer and San Bernardino) at e 
tions of from 5,000 to 8,000 feet. This new species of tick 
Omithodoros hermsi by Wheeler ** in 1935 and at the same « V.f "L' 

Herms and Meyer ** reported transmissions to a monkey and whi 


by the bite of this tick. . „iflngjnP 

Omitkodoros hermi Wheeler (Fig. mXd 

iever in California, transmits the infection by ^ 

female ticks and in all stages percent. 

tive larvae in hereditary transmission appears not to exceed P 
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Whcelor reports that from 35 per cent to 4S per cent of non-infcctive 
ticks when allowed to feed as larvae on infected laboratory white mice 
were able to acquire the spirochaetra and transmit them to normal ani- 
mals in some one or sU of the subsequent developmental stages. One 
female tick has caused four infections in white mice during a period of 
about four months. Larvae from a presumably non-infective female tick 
produced infections, and convemely the larvae of an infective female 
may not be infective. The spirochactes ate usually present in the blood 



r?C 160 — Ornithodorot hermti Mature frmale (top l«fO, mature male {top right); 
lor er figure ehoua female depoetting egg? 


of while mice about five days after being bitten by an infective tick. The 
time elapsing before infected licks traosmitted the infection depends, 
of course, on the time when the ticks were ready to feed again with molt- 
ing intervening , this elapsed period was at the shortest 16 to 20 days. 

To prove that 0. hermsi Wheeler is able to transmit the infection to 
man by its bite, Wheeler ** conducted a number of tests, with one positive 
transmission in seven tests. 

The life history of Omitkodoros hermsi 'Wheeler (Fig. IG7) as de- 
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ecnM by Herms and Wliceler« is as follows: The veiy tiny light 
amber-colored eggs are deposited at intervals in batches of i2 to 140 
from May to October and range well over 200 per female. A speciSe 
1 ***■ No. 5, taken as a last-stage nymph Auml 

17, 1934, deposited a total of 232 eggs in four batches, 98 (April 8), 73 
(May 19), 49 (May 26), and 12 (June 12) with but one feeding (U, 
after first batch was laid) between egg-layings, and died October 21, 
1935. Under natural conditions the eggs are deposited in the hidieg 
places of the ticks: in sununer cabins the eggs are laid in such comers 
and crevices as afford protection to the ticks. 


The incubation period at a temperature of 75® P. and 90 per cent 
humidity ranges from 15 to 21 days. The number of eggs and the per- 
centage of larvae hatching seems to grow less in the later egg-layings, 
as high as 95 per cent for the first batches down to less than 50 per cent 
in the last. The first molt is usually accomplished within the egg; hoff- 
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FlO. 187.— Immetufe stages of Ornith^dorot heymti. (A) larva; (B) fir»t i)y»p2i*J 
stage; (C) second isrmphal stage; (P) third srmphal stage. 


ever, the larva (seed tick) remains h^apod until after the second molt. 
After about three days the larva is ready to feed, remaining attached 
to the host for only about 12 to 16 minutes as is the case in later stages, 
although this attachment in the latter may he for from one-half to one 
hour in many cases. The larvae when fully engorged increase as rone 
as three times in size and acquire a bright red color due to the imbibe 
blood. In this condition these tiny ticks have been referred to as a 
"strawberry seed insect” by persons living in relapsing fever areM- 
Molting takes place in about 15 days after feeding. With this moft W 
fourth pair of legs appears, and this stage is termed the first nymp a 
instar. The first nymphal stage may feed within a few houre f ® ' 

ing and again a period of 11 to 15 days elapses before the t i mo 
the appearance of the second nymphal instar. Then fo ows 
feeding and again an elapsed period, in this 
before the fourth molt and the appewance of the third j 

even the adult may appear with this molt. Usually a 
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may live as long as 95 days without food; unfed first-molt nymphs may 
live as long as 154 days ; unfed second-stage nymphs may live as long as 
79 days; third stage, as long as 109 days, and adults well over seven 
months. Adult ticks have been kept alive in pill boxes with occasional 
feedings for a period of over four years. 

The mature female tick (Fig. 166) measures from 5 to 6 mm. in length 
by 3 to 4 mm. in widtli. The male lesemblea the female closely in general 
appearance but is slightly smaller. This species is described as ovoid, 
conically pointed anteriorly, anterior dorsal portion of hood visible from 
above, broadly rounded posteriorly ; unengorged specimens a light sandy 
color with the black of the intestinal diverticulae visible through the 
integument of the dorsal surface; freshly engorged specimens a dull, 
deep garnet shade with a grayish sheen over body, anterior conical point 
whitish. The color changes to a grayish blue a few days after feeding 
Legs and hood pale yellow. In newly molted forms the body and legs 
are lighter but gradually assuming the light sandy appearance and the 
legs darkening correspondingly. 

The eradication of the infection from summer cabins (Fig 168] 
known to be infested because of the origin of cases season after season is 
a difficult matter, primarily because of the nature of construction, which 
not only permits chipmunks to nest between the walls but prevents 
proper fumigation due to leakage. Driving out the rodents and then 
keeping them out by securely closing all crevices to prevent return is a 
good procedure, except that the ticks which are then deprived of their 
natural food wull turn even more freely to the human occupants. No 
sprays are available that can be forced for enough into crevices to reach 
the concealed ticks by means of the usual hand equipment. Power spray 
equipment and an oil spray as heavy os the equipment can handle w 
recommended. The use of treated creosote as freely as circumstances will 
permit is also suggested. 

Since the ticks behave as do bedbugs, bedsteads and cots should, e 
liberally sprayed, heated or otherwise treated. Mattresses, bedding 
sleeping bags and particularly equipment stored over winter 
be treated as for bedbugs. Use of such equipment which has been 
stored over winter in cabins and has not been treated is a dangerous 


practice. i, snd 

The first cost of rodent-proofing cabins to exclude chipmunfcs 
other small rodents is neither difficult nor great, and is a practice 
should be employed in all areas where tick-borne relapsing oce 
Avoid soiling the fingers with the blood of chipmunks or 

Other members of the genm Otnithedoros -.fimee the 
that African relapsing fever is transmitted aatn- 

(Murray), many other species of Omithodoros have been found n 
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laily infected with spirochaetes infective to man; indeed it is believed 
that any species of this genus is capable of transmitting all strains of re- 
lapsing fever normally transmitted by ticks belonging to this genua, 
though the author and his students have been unable to transmit the 
California strain by means of Omithodoros coriaceus Koch or 0. wheeleri 
Mclvor. Omithodoros savignyt (Audouin) is an African, Arabian and 
Indian species which occurs in human habitations as well as in loose dry 
earth. It has been proved to be a vector of African relapsing fever by 
Brumpt, but is able to transmit the infection only as an adult and evi- 
dently does not transmit the infeefaon to its offspring. 

Omithodoros iala}e (Gu4rin-Meneviile) is a South and Central 
American and Mexican species occurring also in Florida, Texas and Colo- 
rado, and has been collected in San BernardinoCounty, southern Califor- 
nia and in Contra Costa County It feeds on swine, cattle, horses, man 
and other mammals. It inflicts a very painful bite. It is the vector of 
relapsing fever in Panama, Venezuela and Colombia. Bates, Dunn and 
St John ** proved this tick a vector of relapsing fever in Panama by 
human experimentation in 1921 ; in one instance the bites of a naturally 
infected tick resulted in infection. This species has been reported from 
New York by Matheson,^® who remarks, “How this tick reached there 
{Ransomville, N Y.) can only be surmised. It probably maintained 
Itself in the heated house and fed on the occupants or more probably on 
mice or rats or the domestic cat and dog, though none of these is listed 
as its normal host." 

Omithodoros venezudenm Brumpt is a Centra! and South American 
species. It transmits relapsing fever in Colombia, Venezuela and 
Panama. Dunn collected 4,880 ticks of this species in 68 homes in 
twenty villages, towns and cities in various parts of Colombia. Ticks in- 
fested with relapsing fever spirochaetes were present in nearly 28 per 
cent of the homes in which collections were made. The altitude men- 
tioned for one of the localities was 2,700 feet, i e., a barracks at Muzo. 

Omithodoros crraticus Lucas occurs in Spain and northern Africa 
It is an important vector of relapsing fever m northern Africa. 0. paptl' 
lipesBirula [0. tholazam (Lab.etMegnin)} is a vector in Central Asia."^® 
0. normandi Larrousse is a very small Tunisian species, reported to be 
a vector of relapsing fever. 

Omithodoros conaeeus Koch (Fig 191) is known as the Pajaroello or 
Pajahuelo in California. It is undoubtedly one of the most venomous 
species of ticks (sec Chapter XXIII). OmitAodorospavmrnfomNeura. 
of Central Africa and Australia also inflicts a severe bite. 

Matheson has recently described three new species of Omithodoros 
from bats, namely 0. dunni, from the Little Bull Bat, Dinas albiventor 
minor (Osgood), captured m Panama (Sty and Panama Cans} Zone; 
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turicatae by Brumpt in 1933, 
Other strains such as S. kochi Novy, 1907, and 5. hispanica Sadi de Buen. 
1926, S. pcrsicd Dschunkowsky, 1912, have also been recognized as well 
as a number of others. 


Fio. 169. — Spirocbaetes o! relapsing fever in 
a blood smear. 


That these are probably all strains or local varieties of one widely 
distributed species, Spirochaeta {^Treponema) recurrent^ Lebert is 
believed to be the case by various authors. 

The spirochaetes of relapsing fever in man and rodents in California 
(Fig. 169) have been carefully studied by Miss AI. Dorothy Beck.” She 
reports thirteen strainsof spirochaetesreseznbling SpirocAaefo (=:rrepo- 
nema) recurrentis from rodents in the field. Only chipmunks {Eutamics 
sp.) and tamarack squirrel or Sierra Nevada chickaree (Seturus dotig- 
lasii alboUmbatus Allen) were found to harbor spirochaetes in the dis‘ 
tricts surveyed. She reports long periods of latency in mice, up to on® 
hundred and fourteen days, also the spirochaetes of both human and am* 
mal origin show remarkable resistance to freezing, and remain viable jn 
defibrinated sheep blood for at least 195 days. She concludes that the 
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rodent and human strains are idenUcal in morphology and similar in 
susceptibility for laboratory animals, “Th^e strains are undoubtedly 
the same since the rodent strains are directly transmissible to man." 

Argas pcrsicus (Oken) [Argat mwmtus Koch, Argas americanus 
Packard) , a cosmopolitan fowl tick, is one of the most important poultry 
parasites in existence (Fig. 170). In addition to "fowl tick,” this pest is 
commonly called "adobe tick,” "tampan” or "blue bug." In color it 
varies from a light reddish brown to a dark brown, depending on the 
stage of engorgement. In sire the obovate, flattened adults average 
about 8 5 ram. long by 5.5 mm. wide in the female, and 6.5 mm. long by 
4.5 mm wide in the male. unengorged their thickness is about .75 



■ Fm. 170 —The poultry tick, Arffa$ pwWcw, dor»a! view 


mm. and when fully engorged may be nearly 3 mm. at the thickest part. 
The marginal border is always distinct even when the tick is engorged. 
The sexes are not easily dtstinguishable; the males are smaller, and 
though they may be as large as smaller female individuals, they taper 
slightly more anteriorly, i.e., arc more obovate. The genital orifice of the 
male is "half-moon shaped," while in the female it is “slit-like" and situ- 
ated farther forward, i.e., immediately behind the capitulum as in other 
argasines. The capitulum has four long hairs, two hypostomal, and one 
near the articulation of each palp, all directed forwards. The palpi are 
about twice as long as the hypostomc, second article longest, the others 
equal in length. The hypostome has six or seven fine denticles on each 
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half distally, followed by stout teeth 2/2, the numbers increasing to 3/3, 
4/4, 5/5, basally, the teeth decreasing in size, not attaining the external 
border nor extending beyond half the length of the hypostome (Nuttall). 

Life history and habits . — ^The nymphs and adults of Argas persim 
(Oken) are strikingly active at night, migrating long distances to find 
their host, and hiding in an inactive condition during the day. The writer 
has observed this pest in vast numbers hiding beneath the loose bark of 
the eucalyptus tree in California. Occasionally specimens are sent in with 
the inquiry, “Are they parasites of the tree or do they attack roosting 
chickens? The chickens seem to do very poorly, yet we find nothing on 
them.” At night if one observes somewhat closely, one may see hordes 
of these ticks climbing up the sides of the chicken coop to the roosts 
and upon the fowls, filling up leisurely with blood and before daybreak 
departing for their hiding places. The females deposit their large reddish 
brown eggs in the crevices oc- 


I I cupied during the day. The eggs 
are laid in masses of from 25 to 

100 and over, and there are usu- 

^ ^ ally several layings, each pre* 
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larvae (Fig, 171) are six-Ieggcd and very active, attacking a host ap 
parently as readily by day as by niglit. Once attached ® , 

for about five days, occasionally longer, remaining 7 
ing this time. When fully engorged they appear like little ^ 

bnles, causing severe irritation. At the end of this feeding periojjh_ 
larvae detach themselves, having become rather convenient 
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tols mi"Jtt"e:ondifc^^ the adult stage is reachc 
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in about 30 days. Absence of hosts to feed upon may greatly prolong the 
life history. 

Since eggs are deposited mainly during July in California, the adult 
stage may or may not be reached before the rainy season begins, and 
the overwintering stage may be in the second nymphal condition or as 
adults, appearing in pestiferous numbers early during the following sum- 
mer. Hence there is ordinarily one generation of ticks per year under 
normal conditions. In the absence of a host this species can live more 
than two years without food. 

This species will bite man Instances are recorded in which transient 
laborers occupying long- vacated but renovated poultry houses have been 
badly bitten by the poultry tick It might perhaps under certain circum- 
stances become involved in the transmission of human spirochaetosis. 

Damage done — ^Each tick when engorging requires considerable 
blood to become replete, hence, when myriads of these parasites attack 
fowls great quantities of blood must be extracted. The writer has known 
of chickens being picked up under the roost in the morning with no 
apparent cause for death, and believes this to have been due directly to 
the work of ticks. Weakened and unthnfty condition of a flock may be 
traceable solely to ticks Poultry suffenng from ticks have dull, ragged 
plumage, suffer from diarrhea, are weak and lay poorly. Turkeys aro 
most likely to suffer. 

Avian spirochaetosis. — A very fatal disease, known as "fowl spiro- 
chaetosis/’ is traceable to Spirochaeta galltnarum Blanchard (Spiro- 
chaeta marchouzt Nuttall), occurring in India, Australia, Brasil, Egypt 
and Persia, and U no doubt very widely distributed. The disease attacks 
chickens, geese, turkeys, guinea fowls and other birds. The symptoms 
are described as follows: 

"The disease begins with diarrbea, followed by Joss of appetite, the birds 
appearing somnolent; the feathers being ruffled and the comb pale. The birds 
cease to perch, lie down with the bead resting upon the ground and death takes 
place during a convulsive attack At tunes the disease runs a slower course, the 
legs become paralyzed, then the wings, and the bird grows thin and dies in eight 
to fifteen days. Recovery may take place, but it is rare after paralytic symp- 
toms have appeared. At autopsy, dunng the acute period of the disease, the 
spleen appears much enlarged and the liver swollen with more or less fatty 
degeneration; at times the liver is dotted with focal necroses In chronic cases 
both these organs may appear atrophied. The blood is fluid and dark Spiro- 
chactes are plentiful in the blood unPl shortly before death, and they disappear 
as recovery sets in" (Nuttall). 

Argas persteus (Oken) was proved to be a vector of this epirochactc 
infection by Marchoux and Salimbeni, Balfour, Nuttall and others. 
These investigators have found that when this tick sucks blood from an 
infected fowl the epirocliaetes mulUply within the body of the same 
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when kept at from 30“ to 35“ C. and are capable of transmitting the dis- 
ease ; but when they are kept at from 15“ to 20“ C. they fail to transmit 
it. However, if the ticks are later kept at the higher temperature they 
become mfec^ive.^ The spirochaetes are transmitted by the bite and by 
fecal contamination j the ticks are said to be infective for six months 
or more. The infection is carried over from one generation of ticks 
to the next through the egg. The incubation period in the fowl is 
from four to nine days. Recovery from the disease is followed by 
immunity. 

Seddon reported several mild cases of avian spirochaetosis in Aus- 
tralia (N.S.W.) in 1926. He states that the mildness of the attack may 
be attributed to the fact that the cases had occurred during the winter 
when the cold weather would inhibit the activity of the ticks. The disease 
is now commonly found in the southern parts of New South Wales and in 
several other parts of Australia. 

Combating the /owl ttefc.— Henhouse roosts should be painted thor- 
oughly with kerosene or a solution of creosote and put in position with 
the ends in cups of crude oil or creosote or embedded in oil-soaked waste, 
or suspended by wires from the ceiling. Boost poles must be free from 
bark. AH old nests and rubbish should be burned, and the interior, 
especially crevices, sprayed liberally with kerosene. Boiling water or 
steam may be used instead of kerosene. A repetition of the procedure 
once every five or six weeks during the tick season is recommended. The 
use of considerable crude oil or creosote oil in and about the houses is 
very desirable. Fowls should not be permitted to roost in trees, because 
of the hiding places afforded the ticks beneath the bark, particularly 
when loose. 

If the henhouses can be made tight, fumigation with sulphur is use- 
ful, using about five pounds per 1,000 cubic feet of space. 

For the treatment of fowls infested with larval ticks, an ointment o 


kerosene, lard and sulphur is advised. ^ 

Argas reflexus (Fabr.) , commonly known as the “pigeon tick,' diBers 
from A. persicus (Oken) in that the body narrows rather suddenly o 
ward the anterior end and that the thin margin is flexed upwar ' 
capitulum has “two long post-hypostomal hairs ventrally, directe ^ 
wards. Palps with articles sub-equal, the third the shortest, denticu 
hairs dorsally. . . . Hypostome rounded terminally, some 
tides at the tip, followed by 2/2 stout teeth merging into d/d w / 

progressively smaller teeth” (Nuttall). the 

other species oi Argas are the follotring: A. N— 

largest known species of the genus, measuring J 

10 mm. in width. It is known to attack man m 
(Latreille) occasionally attacks man in Afnca. A. 
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to one part of cottonseed oil, injected with a warm metal syringe stot 
one-half ounce m each ear (cattle and horses) , is strongly recommended 
by Imes (tl. S. Dept, of Agric., Bur. An, Ind. Tanners’ Bull. 980). Tkh 
mixture kills the ticks and aflfords protection against the invasion of 
others for about thirty days. 
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CHAPTER XXII 
MITES 


Class Arachnida, Order Acarina 

Characteristics. — ^In the mites, as in the ticks, the unsegmented abde* 
men is broadly joined to the cephalothorax with little or no evidence of 
separation. All species are minute, most of them being just about visible 
to the naked eye. The mites normally have four pairs of legs as have 
other nrachnids, but possess only three pairs (exceptlonaiiy, less) ss 
larvae. Tlic mouth parts arc quite varied but follow the general pattern 
of the ticks. The chcliccrae in the species parasitic on vertebrates are 
adapted for piercing. One or more pairs of simple eyes are usually 
present The respiratory system is in most species similar to that of the 
ricks, i.c., tracheal, while others absorb oxygen through the general body 
surface which in these is quite soft. Nearly all species deposit eggs; bow* 
ever, there arc a few which are ovoviviparous, among them, Pedieuloidei 
ventricosus (Newport) . From the egg there emerges the hexapod Isrra, 
which usually soon molts and then presenis its fourth pair of legs. The 
life history* of many species is passed in less than four weeks, m some it 
is as short as eight days. 

An infestation of mites is termed acanasis. Those species which hur* 
row into the skin, producing channels and depositing therein their egp, 
are said to cause sarcoptic acariasis, e.g., ^rcoptes scabiei var. 
Gerlach of swine mange; while those species which deposit their eggs a 
the base of the hairs of the host or on the skin and pile up scabs cause 
psoroptic acariasis, e.g., Psoroptes communis var. ovis (Henng) 
sheep scab. Other forms of acariasis are recognized as indicated m 
chapter. . . 

Although Banks ' recognizes 29 families of mites, only a few o 
need be considered as affecting man or his domesticated anima s. 
dents concerned with the study of mites will consult the ^ ^ 

of Ewing, particularly his “Manual of External Parasites. 


Mange, os Itch Mites — Sarcoptic Acariasis 


FamUff Sarcoptidae 

Characteristics.— AH members of the family Sarcoptidae 
known as the itch mites, mange mites or scab mites, are very 


small (just 


472 
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about visible to the naked eye) , irhitisb, and somewhat hemispherical in 
form. Banks characterizes this family thus: 

“The body is entire, and the surface transver^ly striated and provided with 
a few bristles, often short, stout and sharp pointed. The legs are short and stout, 
arranged in two groups. The anterior legs are usuaUy larger than the others. 
The tarsi commonly terminate in a stout daw. There is generally a long pedi- 
cdlate sucker, sometimes with a jointed pedicel The claw or sucker may be 

.t 1. .-J 1... im-... ft I . r 

Dent 

rieak 

• the 

third piir of legs very large and long, while the fourth pair is very small. Some- 
times there are plate-Iikc lobes at the 
tip of the male abdomen, and the 
tarsi may terminate differently in 
the two sexes.” 

The family Sarcoptidae in- 
cludes a number of important 
genera, among them Sarcoptes, 

Psoroptes, Uotoedres, Chorioptes, 

Otodectes and Cnemidocoptes, 
each producing a particular type 
of acariasis. 

Mange or itch mites.— The 
mange or itch mites belong to the 
genus iSurcopfes, have very short 
legs, the posterior pair not extend- 
ing beyond the margin of the 
nearly circular body; suckers are 
present on the first and second iTZ Sarceptei tcatM. 

pair of legs. The sarcoptic mites 

burrow in the skin, where they produce definite burrows in which the 
females deposit their eggs. 

The species of Sarcoptes inhabiting the skin of mammals are ordi- 
narily termed varieties of Sarcoptes scabiei (Linn ) (Fig. 173), the dif- 
ferences being very slight and many of them may interchange hosts, e.g., 
Sarcoptes scabiei var. suis Gerlach, parasitic on swine and on man, and 
when on the latter is known as S. scabiei var. hominis (Hering) ; Sar- 
coptes scabiei van equi Gerlach of the horse is also parasitic on man. 
Given species of parasites, however, ordinarily exist only for a limited 
time on a different host species. 

Human itch. — The itch mite attacking man is known as Sarcoptes 
scabiei var. hominis (Hering). The female measures 330 to 450p in length 
and 250 to 350p in breadth; the male is slightly more than half as large. 
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It attacks by preference the thin skin between the fingers, the bend of 
the knee and elbow, the penis, the breasts and shoulder blades, althoyg)! 
any part of the body is subject to attack, producing an almost intolerable 
itching due to toxic secretions and excretions. The sinuous burrows 
which may reach 3 cm. in length * are made in the epidermis, and tiny 
vesicles and papules are formed on the surface. Scratching causes weep- 
ing and bleeding, and infection and spread of the mites are favored. In- 
festation is ordinarily secured by direct contact, such as hand shalunf, 
or exchange of clothing, towels, bedding, etc. 

Life history of itch, wite . — ^The female mites deposit their rather large 
oval eggs (250 X 100ft) at intervals in the tortuous tunnels which they 
have made in the epidermis. From 10 to 26 eggs are deposited by each 
individual during a period of about two 
weeks. The female, having deposited 
her complement of eggs, dies at the end 
of her burrow. The hexapod larvae hatch 
in three or four days. In this stage the 
area of infection is most rapidly 
creased. Maturity is reached in 10 to 12 
days, during which time there are three 



(lower left), male (upper lelt); 
female (upper right). SarcepSes 
seabiei var luts^ the itch or 
mange roite ol iWine X 57. 


molts. . 

Treatment for human 
much as the mites are protected la the 
tunnels in the epidermis, the skm 
be thoroughly softened by massage m'” 
green eoap and hot water before a reo 
edy is applied. Sulphur oiatmeaMv 
per cent suspension of flowers of m P 
in lanolin, give very good ‘ ' 

plied repeatedly at intervals of thi« 

four days. Underclothing e®.e|J 

contact with the parts affected should be boiled, steam s 

“stine mange.-Mango of swine is caused ^“,y'£tTe 
suis Gerlach (Fig. 174). Mange attacks the to’^the wot of 

top of the neck, shoulders, ears, withers and a o g b^^ 
the tail. A microscopical examination “t ^ ‘ of »»!»' 

scabs will usually reveal the mite. 9TP'‘^‘ifo„ia,eveninIoosIib» 

mange have come to the writer a attentio pence it seems that fl" 

where swine raising is carried on 7“ 

disease is not as widespread as might be exp • joiash 

Suckling pigs and young ahoata to Ike, bet 

scratch and rub vigorously, which may, however. 
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the skin is cracked and thickly encrusted trith heavy scabs, and the hair 
stands erect, an examination for scab mites should be made. 

Infested animals should be isolated and immediately treated, and the 
quarters should be disinfected with a 10-per'^ent creolin solution, 1 to 10 
kerosene emulsion, 1 to 15 lime sulphur solution, or the like. 

The life history and habits of the swine mange mite correspond in 
every respect with those of the jtch mite of humans. 

Treatment for swine mange — In the treatment of swine mange it is 
necessary to apply external remedies, in addition to sanitary precautions 
to prevent spread and the reinfection of treated animals. ^Remedies are 
best applied in the form of solutions, for the reason that all parts of the 
animal’s body are thus easily reached in the dipping process. Hand 
dressing or scrubbing or the application of ointments may be practiced 
where dipping is not practical, but even so all parts of the animal should 
be thoroughly treated. 

Mayo,* of the Virginia Polytechnic Institute, recommends a “lime 
and sulphur” dip most highly. He uses eight pounds of fresh hme and 24 
pounds of flowers of sulphur to 100 gallons of water, slaking the lime 
with sufScient water to form a thick paste, sifting in the sulphur and 
mixing with a hoe. This mixture is placed in a kettle with 25 to 30 gallons 
of water and boiled for one hour at least, two hours being belter. Mayo 
suggests using the entire mass for swme, which must not, however, be 
done for sheep. The dip is used warm at a temperature of from lOO® to 
110® F. This temperature may be maintained by running a steam pipe 
along the bottom of the dipping vat. 

Prepared "lime and sulphur” dips can be secured readily on Uie 
market, and are commonly used at the rate of one part of the solution to 
fifteen parts of water; however, care should be exercised to use the dip 
as directed, owing to variation in constituents. Coal-tar dips are also 
used extensively and give good results jf used properly. 

Dipping vata may be made of wood or concrete and are usually set 
in the ground at a slight elevation to insure drainage away from the vat. 
A convenient size for a vat is “ten feet long on top, eight feet long on the 
bottom, one foot wide on the bottom and two feet wide at the top. The 
end where the hogs enter should be perpendicular and the other end in- 
clined, with cleats, so that the hogs can emcige after passing through. 
The entrance should be by a slide. For pigs and small shoats that can be 
easily handled, a barrel serves the purpose well; the pigs can be caught, 
plunged in the dip and held there the required time. Some successful 
swine raisers build cement bathing places or wallows for swine and keep 
these filled vith a waterj* solution of some dip or disinfecting solution. 
If swine have wallowing holes filled with water, some of the good dips 
should be put in these frequently.” Hie time to treat young pigs, and this 
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is important, ig at weaning time. Dipping twice as /or older aniiDaJsis 
necessary, and if placed in uninfected quarters they ought to remaia 
clean. 


Mangy swine should be hand dressed with a stiff brush before dippir^ 
in order to loosen up scabs, and then kept in the dip Jong enough to per- 
mit the solution to soak through the scabs, certainly not less than two 
minutes. All the animals must be dipped a second time in eight or ten 
days, in order to destroy the mites which have hatched from the e^gs 
which are not destroyed. 

Mayo (1910, loc. cH.) recommends a disinfecting wbilcwasb to be 
applied to pens, etc.: “Fresh lime, 25 pounds, flowers of sulphur, 15 
pounds; mix tiie sulphur with a little water, to a paste, add 30 galjons 
of water and cook for an hour, then add water sufiicient to make 50 
gallons and apply with a spray pump, using a ‘Bordeaux’ noisie.” 

Equine mange. — Sarcoptic acariasis in horses, mules and asses u 
caused by Sarcopics scabtei vat.cguiGcrlach. This species is also trans- 
missible to man and is said to be the chief cause of the itch of csvahj** 
men and others handling horses e.xtensivciy. Infestation of humans is, 
however, only tcmporar>'. 

The most reliable diagnostic character is the discover’ of the rohe, 
which is accomplished as in swine mange. The usual symptoms are first 
of alJ a strong tendency to rub some circumscribed part such as the head, 
root of the mane or tail, withers or back, due to an incessant itching. H a 
person scratcJjcs (he affected parts, the animal moves its lips os thougli 
it were nibbling. The skin of these parts also shows on eruption of*'6w 
conical papilloe.” The hair stands erect and bristly, much ha\n0S 
dropped out, but totally bare spots where there axe no isolated hafe 
apparently do not occur in mange, but do in ringa'orm according to 
Law.® The affected parts ate at first scurfy, then become covered 
yellowish scabs, which later exude matter due to the rubbing and inflaiD' 
mation, and finally there are formed scabs and crusts, often with P 
crevices. During the first fourteen days the progress of the disease ^ 
usually slow, but by the sixth week tlie ravages of the disease becom 
extensive and there is rapid progress. • p j It 

The life history and habits of Sarcoptes scabiei var. egui GerJsc 
correspond in every respect with those of the other species area 


described. . , , ^ 

Treatment for equine mange.— Before applying a local re _ 
mange it is necessary to clip the entire animal, so as to msc ose a 
of attack which might otbenrise be hidden by ® /c affected 

must not be blown by the wnd bat should be burned. e 
are next thoroughly lathered and left for a ° oossibk 

which warm water is applied and the scabs rubbed o as 
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with wisps of hay or straw and these also burned. The affected parts ace 
now ready for a parasiticide, which should be applied by hand. 

Many remedies may be obtained for mange, all of which have more 
or less virtue, but the writer has found that those containing 
are the most effective. The ordinot^- ««•- * , 

appit«./i 

offi 

£ 

liveste ■ * !-.*»u».ui»epartto 500 ofwater. 

If the j JO useu its very poisonous properties must be considered. 
Brushes, scrapers, "rubbers," etc., should be boiled; harness should be 
rubbed thoroughly with a strong disinfectant. 

Bovine mange. — Sarcoptic — • . . 

Sorc'"'*'’ — ’ ' ■ 

{seal ■ — vnjerethehairisshort, 

as th . aiound the base of the tail. 

Canine mange.— The common mange of dogs is caused bv s 

scobieivar. cants Gerlach, clo.'selv • * .• ■ 

. • . . 

ai ’ ■ . . v..^»vjjefe. Symptoms are 

tn . M .uv dViu norses. 

Infected long-haired dogs should be clipped before treating. Law 
(Textbook of Veterinary Medicine, loc cit.) recommends the follf*w’-g 
treatment: 

‘ • . **•.*•• 


1 ■ • .' ■ ' ..vMUtti', b orops. This may 

heap ■ ....j uULutt cure isMtablished. Another very eSective dress- 

ing and equally safe is sulphur, I oz.; carbonate of potash, Ys 02.; lard, 
4 03 , For house dogs balsam of Peru Of etvrn^ -* * • 

or alcohol, 1 »'5r.* — ^ • 

ing, which t ' * ..vwi.ui lo 13 very 

efBcieat." To , -...wusic acid and other poisons which may be 
licked off by the dog should not be used, unless a tight muzzle is pro- 
vided. 

Notocdric mange. — Mange of cats is caused by Notoedres minor var. 
cal> (Hcring) (Sorcopf minor var. felU Gcrlach) , sroaller and more cir- 
cular than SarcopUi but othemdse quite similar Notocdric manee of 
cats begins at the tips of the ears and . 

and head ' 

ointments 0 ' . , carbonate one 

part, and lar . j^aris- A'.mj/jorvar. eumculiGerlsch causes a ee\’crc 
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attacks the lower parts of the legs of horses, particularly those witli long 
hairs on the fetlocks. The infection is known as “aphis foot” in parts of 
Australia.'^ A mixture of one part carbolic acid to 15 to 20 parts of linseed 
oil, or equal parts of kerosene and linseed oil, is recommended as treatr 
ment. Several applications are needed to effect a cure. 

Tail mange in cattle caused by Chorioptes bovis (Gerlach) is local- 
ized on the tail or legs and is uncommon. Foot mange in sheep is caused 
by Chorioptes oms (Railliet). 

Scab Mites — Psoroptic Acariasis 
Characteristics of psoroptic mites. — The psoroptic or scab mites 
belong to the family Sarcoptidae as do the itch and mange mites, hence 



partake of the family characteristics. However in 
L legs are long and slender, all four pa.rs 

of the body, which is elongate. The “pc*«l “f The 

the “mandibles styliform, serrate near tip ^,1 uve at the 

psoroptic mites do not burrow, as do the sarcoptic , 

Lse of the hairs of the host, piercing loose hufflM 

partially hardens, forming scabs which pile up ^ 

matter. This condition is known as scnhics or sc scabs 

up scabs the eggs are deposited. Owmg becomes quieW? 

and the hardihood of the mites, this form of acariasis 
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and easily distributed from animal to animal by contact and by rubbing 
against fences, trees, and the hke. 

'Hie comnaonest scab mites belong to the genus Psoroptes {Fig. 177) 
of which Psoroptes communis var. ovis (Bering) of the sheep is best 
known. Other varieties of this species infest cattle and horses mainly. 

Ovine scabies (sheep scab ). — Psoroptes communis var. ovis (Ber- 
ing) is the causative organism of scabies in sheep. This is by far the most 
important species of scab mite. However, with the widespread use of 
dips, and rigid quarantine regulations, scabies in sheep is gradually being 
controlled. 

The sheep scab mite is easily visible to the naked eye. The adult 
female measures about “one-fortieth" of an inch in length by "one- 
sixtieth" of an inch in breadth, and the male “one-fiftieth" by "one- 
eightieth” of an inch. As in all psoroptie species the mites are found on 
the surface of the body among the scabs at the base of the hairs The 
parts of the body most thickly covered with wool are chiefly 
affected. 

Symptoms of sheep scab.— Scabies is first indicated by a slight "tag- 
ging" of the wool, the coat becomes rough, ragged and matted at the 
points affected. Tags of wool are tom away by the sheep or are left 
attached to rubbing posts and other objects against which the animal 
rubs. 'The sheep scratches vigorously and shows signs of intense itching. 
Law (loc. eit.) describes the symptoms of this infection thus: 

"The skin of the affected part is covered with yellowish papules of varying 
she, and a marked accumulation of scurf among the roots of the wool Later the 
affected skin swells vmiformly, and the locreosiDg exudation concretes into n 
masave scab enveloping the roots of the wool, so that as it increases layer by 
layer on its deeper surface, it lifts the fibere out of their follicles, detaching the 
wool and leaving extensive bare scabby patches The denuded surface shows alJ 
the variation of lesions shown in other mangy animals Paptdes, vesicles, 
pustules, scabs, cracks, excoriations, and even sloughs may appear at different 
points, ^metimes in clipped sheep the exudate forms a uniform, smooth, parch- 
ment-like crust covering the whole exposed area Around these bare patches the 
wool IS encrusted at its roots, or shows a dark, dirty, scurfy layer composed of 
epidermic cells, yolk, dned exudate and the exuviae of the acarus. Beneath this 
the parasite is found in myriads The bare spots may show comparatn ely few " 

lAje history of the scab mite . — ^The female scab mite deposits an aver- 
age of about 15 (maximum 30) eggs, one at a lime, and the period of ovi- 
position often lasts several days, when the female evidently dies. The 
eggs (Fig 178) arc either attaclied to the wool near the skin or deposited 
directly upon the latter. The hexapod larvae hatch in from two to three 
dayswhonnext to theskin, but take longer (up to six or eight days) when 
on wool not close to the body, the first molt taking place in three or four 
days when the fourth pair of legs appears; a second and third molt take 
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place within the next four or five days. The males ate said to aoll W 
twme, and the female ia ferli&ed after the second molt with a third moli 
before egg deposition. The length of time elapsing from egg to egg am- 
ages about nine days. 

Treatment for sheep scab.— Internal remedies, such as sulphur, have 
been found to be unsuccessful by the U. S. Department oi AgricuUnte. 
However, sulphur applied externally in the fom of ''lime and suiphuj" 
dip bag been used for many years as a successful remedy. Several kinds 
•of dips with variations are commonly used against sheep scab, among 



Fio. 175. — Siowing life bistorr and general ebaracterisUcs of a typtcal P® . _ 

or scab taite, Ejg (lower left); larva flower eighO, male (upper right); fema e I l 
left). Pioropies cotnmunii. X S5 


i-hexo, lime and sulphur, tobacco and sulphur, iobacco, cresol, cos 
products, sodium silicofluoride, and derris root. If proprietary mps s 
used, extreme care must be exercised in following the directions. ® 
should have tiie approval of the U. S. Department o! AgneuKute. ^ 

must be repeated m eight days, and not later than ten days m or e 
destroy the mites newly batched from eggs, since very few dips, e 
perhaps creosote dips, are injurious to the eggs. ^ jUfrieW 

Lfme and sulphur dtps.— -Experience in many 
has proved that lime and sulphur dips are most efficient in e ^ 
scab, if properly used. Damage to the wool, if dipping is o 
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in glycerin, ur u uno-pcr-cciit bohition of carbolic acid in linseed oil is 
recommended. Banks recommends injecting olive oil containing cm* 
tenth part of naphthol. Hie hutches or kennels must be thoroughly disin- 
fected with a strong ]irac*and-sulphur solution or carbolic acid toprcrvect 
further contagion. 


Follicle Mites — ^Follicular Mange 
Family Dcmodicidae 


Characteristics of follicle mites. — The Dcmodicidae include very 
minute (.3-.4 mm.) mites with an elongated transversely striated abdo- 
men and four pairs of “stubby” three-jointed legs. 

The follicle mite (Demodex folU'culomm Simon) (Fig. 179} inhabits 
the hair follicles and sebaceous glands of man and other mammals “caus- 
ing inflammation of the gland (comedones); their ag- 
glomeration in the meibomian glands (in man) sets up 
inflammation of the margins of the eyelids” (Max Braun). 
While tlie follicle mites may, under certain coaditioni, 
produce acnc-likc conditions, it is hardly probable tbsl 
many cases of “blackhead” if any, may be traceable to 
tlicsc mites. Hicy arc nevertheless very coamoo— 
said to occur in 50 per cent of mankind in all parts of the 
world. 

In most animala the follicle mites are found In the 
of the mussle and the infection is known as foUiem^ 
mange, manifested by a reddish raw appearance. Defnodii 
canii Leydig parasitizes the dog; D. coffMegninjthe fa , 

F i:b — Fadliet, horses, and Demodex bovis Stiles has wen 

A recorded from hides of American cattle in .F 

mite. Dt- about the size of a pea were formed on the skin o 

Tietiarum. shoulder and ncck. In these swellings great numbereo 

X no. mites occur. The value of the hides is said to be 

to a considerable degree Demodex phylloides Cso or » 
habits the akin of swine both in the United States and Cana a, 



ducing white tubercles. . .i.-jjin 

Owing to the fact that the follicle mites occur so deeply m me 
treatment is made veiy difficult. Penetrating 


as 


been effected, which is doubtful. The ^oHowing treatment mo-— 
mange in dogs is said to be of value— wash the dog wi s P 
then cleanse^horoughly and empty the pustuH 
parts affected (or dip the animal) for five minutes p 
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the nests of the hosts and travel freely for long distances and will resdily 

"irLTirhoCr^r^ * 

.1,0 nW^’ “f ■'”! « essentially one of rat control. In 

t ,c nkence of food the imtes perish in about two weeks, therefore if no 
other measures are taken, the pest null abate iUcIf in about that time; 
loncacr, with tlic elimination of the appropriate murine hosts fheymnv 
become more annoying because of their enforced search for a blood mcai. 
Along with rat control the author has recommended rubbing tables, desks, 



chairs, cabinets, and woodwork 
with a clotli moistened with kero* 
sene. Bishopp recommends a mix- 
ture of antJiracenc oil, one part, 
and kerosene, two parts, for floore. 

Dove and Shelmire (1932) re- 
port imving experimentally trans- 
mitted the Texas strain of endemic 
tJT^hus through bites of the tropical 
rat mite from guinea pig to guinea 
pig- 

The PouLTai Mite 
Dermanyssus gallinae (De 
Geer), thepoultrj' mite, also known 
as tlie roost mite, is the most im* 


fill 181 -The poolliT mite, flcrmo.ir.,.. Purtant member of the Family 
ffaiUnae. Dofmanyssidae. While thisapecies 

is widely distributed in the Uhit«l 
States another slightly larger species, D. hxTvndinis (Hermann), also 
troublesome to poultry* is more localized in its distribution. 

Habits and life history . — ^In size (he mites vary from .6 to .7 mm. in 
length, arc somewhat pear-shaped and are light gray when unengorged 


and from light to a dark red when engorged (Fig. 181). 

During the daytime the mites remain hidden in the crevices o! th? 
henhouse, under the roosts, under boards, etc. In these hiding places (he 
eggs are deposited. At night the pests swarm out from their hiding pince-' 
and attack the fowls upon the roosts. Their attack is, however, no 
restricted altogether to the night, for swarms of them may be found oo 
setting hens and laying hens during the day if these are nesting in darker 


situations. , 

Eggs are deposited in all sorts of crevices. The six-legged larvae hate 
in two to six days, and after molting in about 24 hours without fee mg 
take their first meal of blood as a first-stage nymph. After two mor 
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molts if food is available the adultfitsge is reached. Under favorable con- 
ditions only ten days are necessary for the mite to pass through all its 
developmental stages. Wood,** who has studied this mite most carefully, 
states that under natural conditions in August this time would be reduced 
to at least eight and one-half days. Full growth is reached in from three 
to six weeks, depending on temperature. Some authors give the time for 
development at from ten days to two weeks. There are three or four molts 
before sexual maturity is reached. 

Damage done , — The poultry mite is a serious pest in many parts of 
the world. The damage which this mite produces is very considerable 
and may be summarised as follows* Egg production is greatly reduced 
or entirely prevented; setting hens are often caused ta leave their nests 
or perish; newly hatched chicks perish m great numbers in the presence 
of these mites; chickens lose flesh, are unthrifty, and are unprofitable for 
marketing; loss of blood and reduced vitality cause birds to be easily 
susceptible to disease. This species is known to be a vector of fowl spiro- 
chactosis (see Chapter XXI). Inasmuch as the mites are seldom found 
on the bodies of the birds during the day, except in the first feeding petiod 
when they sometimes remam attached for a night and a day, or in dark 
nest boxes, control measures are directed most advantageously against 
the hiding places. A thorough clean-up of the premises to which the birds 
have access, together with the elimination of every useless article therein, 
such as boxes, coops, boards, etc., is the first step. Old nesting material 
should be burned and if the infestation is severe, roosts and nests should 
be dismantled to be replaced by construction that will facilitate future 
clean-ups. Methods must now be directed against the cracks and crevices 
of the floors, walls, and even the roof of the poultry house. In heavy in- 
festations the mites sometimes migrate to the outside of the house when 
the inside is sprayed. They should be looked for along the cracks on tJie 
outside and, if present there, a spraying of the outside will be decidedly 
worth while. The most efficient manner of accomplishing this end is by 
the use of liquid insecticides applied preferably by "bucket” or "knap- 
sack” spray pumps. A coarse spray is roost effective and should be 
applied to each area from several different angles to insure penetration 
into all hiding places. Many of the existing spra j*s are efficient. Any of 
the dips used on domesticated animals made up in a slightly stronger 
solution than directed for the dippuig of such animals will give fairly 
satisfactory results. The most satisfactory of all applications, however, 
are the wood preservers that have the coal-tar product anthracene oil as 
a base. These have the advantage of being effective over a long period 
and of soaking into the wood rapidly udthout leaving a greasy residue to 
soil the feet, feathers and eggs of the birds. They should be diluted about 
one-half with kerosene to facilitate spraying. One careful, thorough 
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treatniejit generally proves sufficient n-ith this type of spray. Crude oi^ 
diluted sufficiently with kerosene to make it easily sprayed is eEGcient 
in killing the mites and is sufficiently durable but leaves the roosts, floora, 
etc., in an oily condition so that tlie flock must be excluded from the 
treated premises for some time in order to avoid soiling feathers and 
eggs. TrAiVctt'flsh containing three to five per cent of crude carbolic add 
kills large numbers of miles but is not nearly so elTective as anthracene 
oil or crude oil. Nicotine sulfate used on the roosts as for lice is cffecthe 
in killing young mites feeding on the birds ond in protecting roosting 
birds. Used ns a spray at the rale of three tablcspoonfuls per gallon of 
water to which is added oncdiaU tcaspoonful of baking soda it gives very 
satisfactory results if applied carefully and in drenching quantities 
Prevention. — The common chicken mite is introduced into clean 


flocks in many cases in contaminated shipping coops. In some cases the 
introduction may be accomplished by a few young mites that arc engorg- 
ing for the first time on the introduced fowls. To overcome this possh 
bility, newly acquired birds should be kept in special coops for two or 
three days bciorc being placed in clean houses. These coops should then 
be destroyed or disinfected with boiling water or with one of the sprays 
suggested above Sliipping coops from other poultry plants should not be 
loft in or near clean houses, nor should BCcond*hand equipment be intro- 
duced unless the proper precautions of disinfection are taken. Mites will 
live for from three to five months without food, a fact which should be 
considered when vacant buildings are to be occupied by clean flocks 
In cases where the control of the mite is impossible owing to the character 
of the quarters or lack of them, some relief is afforded by wrapping t ® 
ends and other points of contact of the roosts which have been painte 
thoroughly with crude oil, with rogs soaked in the same substance topre 
vent the mites from gaining access to the fowls after they have roos e 
To make this procedure effective crowding should be discouraged an c 
back roosts should not be near enough to the wall to permit the roovemen 


of the mites to the plumage of the birds. ^ _ . 

The tropical fowl mite, Ltponyssws bursa (Berlese),isa/fljry^^ 
introduction into the United state (Wood)”. It is a common species 

fowls in Chins, India, South America and Africa. Unlike 
gallinae (DeGeer) above described, and which it resembles 
smaller size, the tropical fowl mite remains on its host much o 
where it commonly lays masses of eggs in the fluff LL hfe 

‘ticularly below the vent and in the region of the tail. e 
cycle requires but 8 to 12 days. Wood recommends dipping 
a mixture of two ounces of sulphur, one ounce of soap ° 
water and treating the neste, floors, roosts, etc., with car ^ 

application of nicotine sulfate to the roosts as sugges e 
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be a good control if repeated Uircc tunes at intervals of three days. The 
English sparrow serves as a fawrable host for this species of raite and 
would no doubt be an effective agent in dissemination. Ltponyssvs sil- 
viarurn (Canestrioi and Fan«a^), known as the northern fowl mite or 
feather mite, is similar in habits and may be similarly controlled. 

Mites on canary birds require both the treatment of the birds and 
the cages, particularly the latter. The bird should be temporarily re- 
moved from the cage and dusted with fresh pyrethrum powder, while 
the cage and contents arc being dipped in boiling water or baked in an 
oven. 


Lousb-wke MifES 
Family Tarsonemtdac 

Characteristics of Tarsonemidae.— This is a small family of eoft- 
bodied mjtcs having in the female a characteristic ’‘prominent clavate 
organ of uncertain use” between the first and 
second pairs of legs. The third and fourth 
pairs of legs are separated from the first and 
second pairs by a long interspace. There is 
present a considerable sexual dimorphism in 
the several species. The piercing, sucking 
mouth parts are provided with slender 
nccdle-like stylets. Many of the species arc 
predaceous or parasitic, while others suck the 
jukes of certain plants. 

Pediculoides ventneosus (Newport) (Fig 
182) is a widely distributed predaceous mite 
which attacks the larv’oe of a number of 
species of insects such as the Angouroois grain 
moth [Sitotroffa cerealella (OIiv.)), the Wi bmmiI fmsie, ej»o«ittcae 
wheat joint-worm [IlarmoUta grandis 
(Riley)}, the peach twig borer (Ararsta 

lineatella Zell.), the cotton-boil weevil (Anthonomus grandts Boh.), the 
bean and pea veevils [il/ylahns quadrimaculatus (Fabr.) and M. obiec- 
tus (Say)}, etc. It is therefore normally a beneficial mite, but unfor- 
tunately it also attacks man, producing a very disagreeable dermatitis 
commonly called “straw itch." 

While the male mite is very tiny, just about visible to the naked eye, 
the female when pregnant becomes enormously swollen, measuring 
nearly a milliroeler in length, the abdomen presenting a globular appear- 
ance, the cephalothorax and appendages barely visible. 

Within the enlarged abdomen of the female may be found rathcrlaigc 
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which hatch internally, and the young mites develop to maturity 
within the body of the mother before being extruded. The number rf 
young produced by the female is said to range from a few to nearly 300 
The female mites are often fertilized within the body of the mother, 

A number of epidemics of dermatitis have been traced to these mites, 
infection having been brought about by sleeping on straw mattresses or 
while laboring in grain fields at harvest time. The infection has been cot' 
founded with hives, scabies and even chicken pox and smallpox, and 
appears on the neck, chest, abdomen, back, arms, and legs, in fact the 
whole body may be involved and the itching is very intense. The erup- 
tion, which appears in 12 to 16 hpurs after the attack, is commonly 
accompanied with fever as high as 102® P. 

According to Goldberger and Schamberg the itching subsides under 
continuous exposure in from three to seven weeks. They also recommend 
treating the affection with an ointment of beta naphthol, sulphur, ben- 
zoate and lard. 

To destroy mites in the straw of mattresses or in other situations, 
fumigation with sulphur or steaming or dry heat is recommended. 

As to prevention Webster su^csts burning the grain stubble during 
the fall, winter or spring, also that threshing direct from tbe shock 
resulted in the control of the grain moth and consequently of the parasitic 
mites. 


Flour and Meal Mites— Grocer’s Itch 
Family Tyroglypkidae 

Characteristics of Tyroglyphidae. — This family includes a 
group of very tiny mites, ordinarily about 0.5 mm. or less in 
Several of the species attack grain, flour, meal, dried meat, hams, 
fruits, insect collections, etc. Their development is so rapid khat.t 
may be literally millions of them in a stored product in a few day®- 
The metamorphosis of this group involves a peculiar stage 
the hypopus, appearing after the larval and nymphal stages, very un i ^ 
either of these and very different from the adult. This stage is s®’ 
attach itself, non-parasitically, to flies and other insects, which ser 
disseminators of tbe mites. y {,g 

Persons handling stored products, cereals, flour, meal, e c., 
attacked temporarily by the mites, causing a severe dermatdfs ® 
"grocer's itch," "copra itch," etc. . guJ 

Tyroglyphus siro (Linn.) is the cheese mite, also found in 

stored products; this mite causes a rash known as vani ism ^ 

pod handlers; T. [=:Aleurobius) jarinae (DeG.) is 
mite and is common in flour mills and granaries ; T. amenca 
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known as the cereal mite and ia widespread and abundant on cereal 
products, seeds, stored prunes and other fruits; Tyroglyphus longior 
Gerv. attacks grains, cereals, drj' seeds, etc., and causes "copra itch" 
among workers handling copra T, fannae (DeG.) and T. longior Gerv. 
have been reported from the urinary tract and T. longior Gerv. from the 
intestinal tract (intestinal acariasis”) 

RedSpibeiis 
Family Tetranychtdae 

Characteristics of Tetranychidae. — To this family belong the "web« 
spinning mites," most commonly infesting vegetation and destructive to 
fruit trees and other plants. The term "red spiders" is ordinarily applied 
to the group. Tetranychus bmaculatus Harvey, the two-spotted mite, 
attacks many species of plants as does the common red spider, T. telarius 
(Linn.) . 

Persona employed in picking hops and harvesting almonds, etc., often 
complain of itching produced by the red spiders, but this soon disappears. 

Pulmonary Acariasis 
Family Demanysstdae 

Pulmonary acanasts of monkeys is traceable to mites of the genus 
Pneumonyssvs which live in the lungs of the host, e g , iPneumonyssus 
simicola Banks ffalarac/ine attenvato Banks occurs in the air passages 
of Alaskan seals and Steniostomum rhtnolelhrum Trouessart is said to 
produce catarrhal inflammation in fowls 

Quot Mites 
Family CheylcUdac 

Syringophtlus bipectmatus Heller, the quill mite of poultry, lives m 
the shafts of the primary wing feathers Rebrassier and Martin ” report 
that this mite caused a peculiar molt; the loss of feathers extending over 
half of the body in most cases and in many instances the lo*? of all 
feathers. The birds were reported to be apparently in good physical con- 
dition. S. columbae Hirst is a quill mite of pi^ns. 

Air-S4C Mites 
Family Cytoleichidae 

Cyloleichm nudus (Vizioh) is knon-n as the nir-sac mite of poultiy 
because of its habitat in the sir passages. Laminosioptcs cysticola 
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(Vizioli) occurs in tlic subcutaneous tissue but is considered of no etc- 
nonrjjc importance. 


Harvest Mitb? or Chiggers 
Family Trombidiidac 


Characteristics. — Tljc largest of all mites belong io the iamdy Trow- 
bidiidae, some species being as long as half an inch. They are generally 
briglitly colored, some of them being bright scarlet. The adults and 
nyinplis arc free living, some are plant feeders, others are predaceous; 
the lan'ac arc parasitic. According to Banks (loc. cit.) they 


"arc recognizwl b}' the body being divide<I into two portions, the anterior 
(fophalothorax) bearing the two anterior pairs of legs, the palpi, moafh 
anti c>r^; the posterior (abdomen) is much ^rger and boars the two posterior 
pairs of legs. Tlic mandibles arc chelate, .at least there is a distinct ;aw’ or curvri 
spine-like process They arc alw.ays red in color, some, honwr, Wng 
darker than others. The body is covered with bristles or fathered hairs acrord- 
ing to the species The p.ilpi arc fi\'c-jointed, quite prominent, often wollenin 
the middle, the penultimate joint ending in oneortivochiTvs, the joint 
clavate) appeanng as an apjicndagc or 'thumb' to the preceding joint. 
are scvcn«jointo<l , the tarsi temunate in tiro small cl.aws. The legs are dotcM 
in the same m.inncr as the body. There arc two eyes upon each side oi tw 
ccphalothora\, quite frequently borne on the distinct pedicel.” 


The larvae of t(ic subfamily Trombicnlinac arc called "chiggc*^ 
and have vertcbr.atcs as tlicir imturnl hosts. . 

Chiggers attacking man arc almost microscopic in size and because o 
their red color arc often referred to as rod bugs — bite rouge oi 
Central and South America. The common species in temperate 
tcopical JCocth Amorwa has been widely known as Lcpiiis irntaus J 
This is the larva of Trotnbicula irrilans (Riley) = Trornhicula t 
huatl (Murray) or according to Ewing a member oi a new ge^ 
Eutrombicula and now called B. alfrcddugesi (Oudemans). The an 
mite of the British Isles is Trombicula autumnalis (Shaw) . 

The larvae (Fig 183) attach themselves to the skin by 
their hooked chelicerae and cause a severe dermatitis with 
itching. A burning sensation sets in within a few hours, 
intolerable itching during the following thirty-siv hours, c 
first appear and water blisters form in a day or two. infesta* 

tions there may be a slight fever and sleep is difficult. 
tions are usually acquired during late summer and autumn 
climates. Walking through weeds and shrubbery ^ ® „ to \>e 

may result in infestations; penetration through c o in ^ 
readily effected. 
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CHAPTER XXUI 


VENOMOUS AND URTICARIAL ARTHROPODS 

Insect venoms. — Insect venoms, like otlier animal venoms, are toxic 
principles probably not greatly unlike the bacterial toxins, but about 
which we know comparatively little. Unlike many of the bacterial toxins 
which reach injurious amounts after a period of incubation subsequent 
to the introduction of the infection into the body, the animal venoms 
take effect almost instantly, i,e., as soon as introduced and without 
incubation. 

The venoms act m one or more trays when introduced into the body: 
(1) they may act directly on the blood corpuscles (Auemofj/itc) ; {2) they 
may act directly on the nervous system, producing shock or inhibiting 
reflexes [ne\irotoxic ) ; (3) they may produce an inbitration and conges- 
tion of blood ikaemonhagic) often in the vicinity of the wound or deeper 
tissue, such as the mesenteries, etc A given specific venom may produce 
one or more of the above conditions. 

It is a n^attcr of common observation which has been verified by 
various investigators that repeated inoculation of minute or attenuated 
quantities of a venom may lead to a degree of immunity, so it is also 
With the venoms or poisons of bees, bedbugs, mosquitoes, fleas, cone- 
noses, etc. 

In the ants, bees and wasps (aculeate Hjinenoptera) there are two 
poison-secreting glands, one of which produces formic acid and the other 
an alkaline fluid. The combination of the two agents in certain propor- 
tions is evidently necessary to produce the reaction of a bee stmg. 

The scorpion (an arachnid) secrets a large quantity of colorless 
acid-reacting liquid soluble in and heavier than water According 
to Calmette, less than 0.0005 gm. from Buthus afer Leach will kill a 
white mouse in about two hours. 

How the venom is introduced. — Venoma of arthropods arc intro- 
duced into the body of man in one of three woys: (1) by contact, c.g., 
witli urticarial hairs of certain caterpillars, such as the brown-tail moth, 
^ygmiaphaeorrhoeaVon. [Euproctis chrysorrkoca (Lmn,) 3, producing 
a condition similar to nettling, or with vesicating fluids of the blister 
beetles (Mcloidae) , particularly Lytta vestcatona (Linn.) , resulting in a 
veiicular dermatitis; (2) by the 6tfe or thrust of a piercing proboscis, ns 
in the concnoscs (Reduviidac), or penetration of the chcliccrae of 
497 
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spitos; (3) by the sfing, as in the bees or wasps (aculeate Hymenoptera) 
and the scorpion. The operation and structure of stings varies consider- 
ably, notably in the examples cited. 

Stinging insects —The stinging insects belong to the order Hymen- 
optera, suborder Aculeata, and are best known as the ants, bees, md 
Wasps, in which the females of all species are provided with a speciaGied 
ovipositor known as a sting, more or less well developed for plercins tie 



sting psipi; c, • ■ « 
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ekia of higher animals or other insects The sting is used , 

organ of defense or offense, in the latter case often to procure 
the young. The venom apparatus of bees, wasps, hornets, bviro e 
etc., resemble one another in structure. f/tpowici 

The principal aculeate Hymenoptera are divided 
super-families: viz.: Formicoidea, the true ants; Sphecoidea, i 
wasps; Vespoidea, the true waqjs; and Apoidea, the bees. 
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Morphology of bee sting.— Accoptiog the sting as a specialized ovi- 
positor (genitalia) , the worker bee (the underdeveloped female) may be 
used for this study. (Fig. 185.) The sting originates from the seventh 
and eighth segments and lies between the oviduct and the rectum above. 
The darts of the sting follow the ventral line of the abdomen and are 
held in place by the sheath situated above, while the barbs of the darte 
point dou-nward and outward. In a space above the eheath lie the fleshy 
palpi. The delicate attachment between the sting and the organs of the 
abdomen accounts for the ease with which the sting is torn from the 
abdomen when the baths become embedded after the darts are thrust 
into the skin. The sting can be easily extracted either by separating the 
segments of the abdomen from it by means of dissecting needles, or by 
squeezing the live bee between forceps, which causes it to protrude the 
sting. The sting can then be grasped with other forceps and drawn out. 
After extraction, the eting can be best examined when the parts are 
floated out in a few drops of glycenn. The sling may be divided into 
three parts, viz.: the piercing apparatus; the lateral plate and append- 
ages; the poison sac and glands. 

The piercing apparatus itself consists of three parts, one the so-called 
sheath, the other tvfo lying within the sheath, and partially surrounded 
by it- In appearance the sheath is yellowish and translucent. The darts, 
which present concave surfaces to one another, are highly chitinous The 
distal one-third of the dart possesses a scries of sharp barbs, whose 
shape has been aptly compared to the tip of a crochet needle. Cheshire 
states that each dart has from three to six barbs, other writers seem 
doubtful as to the number. Many darts have been carefully examined 
by the writer, but in no instance were less than ten barbs distinguished 
on the outer edge of each dart (Fig. 185). Several writers state that 
poison pores are to be found at the base of each dart, from which poison 
exudes. In this matter the writer agrees with Snodgrass, as he has 
failed to observe the exit of poison elsewhere than between the darts at 
their tip. 

Proceeding upward on the dart from the tiny barbs, the darts are seen 
to form a letter Y as they lie within the sheath. The arms of the Y 
gradually bend laterally. Plates are allached to the upper edges of these 
laterally bent arms One of the most remarkable portions of the darts 
is the poison valve with which each is provided At the point of separa- 
tion, the darts each present a delicate cup-shaped valve, whose closed 
portion is directed downward toward the tip of the sting This is formed 
of the same chitinous material which composes the darts, and each is 
free to move with the movement of the dart. In order to accommodate 
this enlargement of the darts, the sheath at this point expands to about 
five times its smallest diameter, which is at the tip of the etlng. For at 
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least one-third of its length the sheath at this portion is e^qjanded into a 
symmetrical oblong body providing ample room for the movement of the 
darts and valves 'within. 

A curious structure, said by many writers to be found on the sheath, 
consists of two delicate, but strong, chitinous tracks or guide rails on 
which the darts, correspondingly grooved, fit and move back and forth. 
Since the sheath docs not sufficiently surround the darts to direct their 
course, this guide-rail system which Carlet has observed, and which is 
accepted by other authors, probably explains why the darts move 
smoothly and accurately within the sheath. 

The lateral appendages are of three kinds, viz.: semilunar, triangular 
and lateral, according to shape or position. Both the semilunar atidtri* 
angular plates are attached to the bent ends of the Y-shaped darts. The 
triangular plates arc attached to the arms of the darts almost at their 
extremities, while the semilunar ones are connected for about one-third 
of the distance from the ends of the arms. The apex of the triangle is 
attached to the extremity of the dart. The other two points point out- 
ward and downward, and serve as points of attachment for two elevated 
edges on the lateral plates which hang thus suspended. As they hang, 
half of their surface lies above and covers the dorsal surface of the fie®- 
lunar plates just beneath them. Continuing in the same straight line 
with the semilunar plates and attached at their extremity to them, he 
the fleshy palpi covered with delicate hairs. 

The third set of structures which completes the sting are the venom 
sac and glands. In order to understand these it is necessary to know 
that Hymenoptera are divided into two groups, those which kill their 
prey by stinging, and those which only paralyze it. The former ^ ® 
more complicated, for they possess two poison glands; the acid g^n , 
which opens directly into the great poison sac, the larger of the wo, 
and the other, the alkaline gland, 'which is comparatively small o.n 
situated at the base of the poison sac. It is the combination of 
and alkaline fluids from the two glands that results in the death o 
attacked insect, or that causes the extreme pain and resulting rear rrt 


in humans. . 

The formic acid gland alone is found in those Hymenoptera 
only paralyze their prey by their sting. This fact has led vanous o 
ers to make chemical tests of both the formic acid and a a 
stance. The result, according to Carlet and others, has been o 
that neither substance by itself is effective except to para yze, “ 
combined the substances have deadly effects upon other ^ ly 

experiments to prove this were made upon houseflies an ^ 
injecting each substance singly and then introducing bo m 
of a fly. The results are entirely convincing. 
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Bpeoics ot pugnacioua nature. Because of their number an attack mar 
result seriously. Among the more formidable species are: ( 1 ) The Cali- 
fornia or Mexican fire ant, Solenopsis xyloni var. maniosa Wheeler, the 
workers of which have a yellowish red head and a black thorax and 
abdomen. They measure from 1.6 to 5.8 mm. in length. (2) The Tevan 
harvester or agricultural ant, Pogonomyrmex barbatus (F. Smith) jn 
which the head, thorax and legs are black and the abdomen red; the 
workers reach from 7 to 9 mm. in length; (3) the California harvester 
ant, Pogonomyrmex califomtcus (Buckley), body light rusty red, legs 
somewhat more yellowish. These ants will readily attack humans and 
smaller animals. Hog raisers in the Imperial Valley, California, report 
many young pigs killed by ants, particularly by the stings of P. cali- 
fornicus (B ucklcy ) . It is a matter of common observation to see a small 
pig walk leisurely upon an ant mound and suddenly begin to kick and 
squeal, due to the terrific attack of the myriads of ants rushing forth 
from the nest. The animals commonly topple over with legs outstretched 
and death may result. 

Ants belonging to the subfamily Ponerinae also have well-developed 
stings and a potent venom. This is apparently particularly true of the 
Central and South American species, Paraponera clavata (Fabr.) , 'whkh 
is common in high tropical rain forests. Weber * states that the ants o! 
this species boil out of their nesta in large numbers n^hen disturbed and 
rush for the intruder. Ho states that the workers are fully an inch m 
length and blackish brown in color. The ant is greatly dreaded by the 
natives Weber describes the effects of a sting which he suffered. 

For the control of the fire ant, MalJis ' recommends the use of a 
mixture of one part of carbon bisulfide and three parts of 
tetrachloride injected into the nest openings by means of an oil can w 
an eight-inch curve-tip spout. A few tfrops of the /iquirf m 
are sufficient. After treatment the openings roust be covered. A arge 
measure of control may be effected by applying kerosene to the nes , 
using a funnel or hollow rod to reach the deeper parts ; potassium ^7^°^ 
in liquid form may also be used, but great care must be exercise e 
in its preparation and application owing to its very poisonous na ure.^^^ 

Mutillid wasps.—Among the less known stinging insects ^ - 

mutillid wasps belonging to the fanuly Mutillidae (Or er 
noptera) . Members of this fanuTy are commonly knoira 

woolly ants, cow killers, mule killers, etc. -ntnrpdwith 

are covered with a velvety pubescence ; many are bngn y ^ 

orange or red or yellow. The females are apterous, sood^nn 
possess a potent sting. They are parasites of bees measuring 

There are very many species, some of the commoner • ^^j-esting 
from y 2 to 1 inch in length. Our knowledge concerning 
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insects has been greatly advanced by MickelA A very common species 
in the central states of the United States is Sphaerophthalma ocddentalis 
(Linn.) , a black species with a scarlet band. This species is verj' common 
on the beach sands of Lake Erie, causing barefoot bathers much distress. 

Stinging Epyris. — In 1927 von Gcldcm * reported a tiny wasp from 
Yolo County, California, identified as belonging to the genus Epyris 
which inflicted a severe sting. 

“The wasps appear in fairly great numbers in the fall after a warm spell and 
invade the hou«e where they get into the bedding and clothing, and sting when 
brushed or cnishod by clothing or sheets against the skin . The «ting is 
distinctly felt as a fairly sharp pnek, decidedly 
less intense than a bee sting In the oldest 
and youngest child no further manifestations 
occur, but in the parents and second child a 
decided systemic disturbance follows A few 
minutes after being stung, there is felt a 
numbness, often at the site of the sting, but 
at other times beginning at the finger tips It 
remains localized for a few minutes and then 
gradually spreads and involves the entire 
body. In the mother there is an intense itching 


uterine cramps in the mother The diarrhoea 
and cramps last for about ten minutes The 
mother, who is an asthmatic, experiences no 
respiratory difficulty, but with the father, who 
has never had an attack of asthma, wheezing 
occurs occasionally Accompanying these 
symptoms there is marked prostration, weak- 
ness and sweating The duration of the attack, 
is about half an hour. The second child be- 
comes drowsy and is awakened with difficulty and wheezing occurs He also 
rcco\ers in about the same time as the p.nrents ” 

Essig® in 1932 reported a number of instances of Epyris stings all 
from the same county in California as were the cases reported by von 
■Gcldern The species of wasp was identified as Epyris calijomicxis (Ash- 
mead) belonging to the proctotrupid family Bcthylidae. It measures 
barely over 5 mm. in length and is black in color. Essig stotes, “concern- 
ing the life history and habits of this particular species, beyond its pro- 
pensity for stinging, absolutely nothing is knowm 

Biting (piercing) insects 

Insects that pierce the skin with their mouth parts arc usually nor- 
mally bloodsuckers and the act of biting or piercing is sirnply a part of 
the act of food-getting. There are noteworthy c.xceptions as later 





606 


MEDICAL ENTOMOLOGY 


explained. The pam caused by the mechanical insertion of mouth parts 
wnuW no doubt in most instances be relatively benign, particularly if 
only one or ycry feiv insects were concerned in the attack; however, in 
perhaps every instance a venom of salivary origin is introduced. These 
venoms apparently dilTer among the various species as evidenced by the 
resulting reactions, local and systemic, which are generally specific 
enough so that one who is experienced may be able to determine the 
cause, i.e., whether the offender was a bedbug, a flea, a mosquito, or a 
black fly (simuliid) . 

To understand the operation of the bloodsucking mechanism of the 
various offending insects one should consult the chapter on moutli parts 
and the other chapters appropriate to this subject. The student will 
profit much by a careful study of “Zoonosen dcr Haut in warraeren 
Liindern" by Martini ® (1932). In general the reactions are the result of 
either mechanical or chemical (venomous) processes. 

The variety of effects caused by the bites of bedbugs (Ctmci leclU’ 
larius Linn.) indicates that there is a wide range of human tolerance. 
Some individuals apparently suffer no ill effect from numerous attacks, 
not even the usual swelling at the site of the bite; others react violently 
to even one bite. These differences in tolerance to a given species are not 
fully understood. Martini remarks that doubtless alJcrgic processes play 
a r&le in the manifestation of the reaction in different persons to insect 
bites. He further points out that dog fleas transfer easily to humans, and 
in some localities this species, Ctenocephalides cants (Curt.), is more 
abundant on humans than on dogs. Xenopsylla cheopis (Roth), the 
oriental rat flea, transfers easily to humans, while the European rat flea, 
Xosopsyllus fasciatus (Bose), does not transfer quite so readily. Ptihs 
irritans Linn., the Jiujnan flea, is conspicuously common on swine 

To what extent immunity plays a part in tolerance to insect bites 
is perhaps debatable; it is generally believed that natives suffer little 
or no inconvenience from bites of endemic species, e g., fleas, while tran* 
sients or new settlers generally suffer greatly. This situation has 
latcd investigation into the possibility of developing vaccines to hasten 


immunity to flea bites. 

Insects that cause a very painful bite such as the stable fly, 

calcitrans (Linn.) , and most salt marsh mosquitoes, 

(Meig.) , are not potent vectors of pathogens, while species with be ^ 
bites, such as Anopheles maaiUpmnis (Meig.), are commonly ve ■ 
May it not be that in order to become a successful vector of d« , 
arthropod must first modify the severity of its bitel _ 

Conenoses or kissing bugs, belonging to i„f„| 

(see Chapter VIII), are most commonly concerned in the im P 
■'bites” inflicted by insects. TheirmouUi parts (see Chapter VI) 
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adapted for piercing the skin of the host. The rcduviids arc essentially 
predaceous, attacking many species of insecte, particularly soft-bodied 
forms from which they suck the body fluids Attack upon humans is 
made principally, if not wholly, in self-defense. Persons picking up 
boards, sticks or stones, etc., may accidentally also pick up one of these 
insects, or in plucking a leaf or flower from a tree or other plant the 
fingers may close upon the insect as well, with the result that a very 
painful bite is almost invariably inflicted. 

The principal offenders are about 18 to 20 mm. in length and all bear 
a general resemblance to the illustration (Figs 42 and 43.) Among the 
important species in their relation to human comfort are the following; 
i?eduuiW3 personatm (Lmn.), known as the “kissing bug”; Triatoma 
sanguisuga (Lee ), the “bloodsucking conenose” or “big bedbug”; Tri- 
atoma protracta (Uhler), the “China bedbug”; and Rasahus btguttatus 
(Say), the “two-spotted cors.air " 

The symptoms produced by Triatoma protracta (Uhler), the usual 
offender in California, ore described as follows; “In a few minutes after 
a bite the patient develops nausea, flushed face, palpitation of the heart, 
rapid breathing, rapid pulse, foUoued by profuse urticaria all over the 
body. The symptoms vary with individuals in their intensity." 

The symptoms described for i¥asaAus (Say) arc as fol- 

lows’ 

“Next day the injured i>art shows a lociil cellulifia with a centra! spot; 
around tins spot there frequently appears a bulbous vesicle about the size of a 


Biting water bugs. — The order Heraiptcra (see OiaptcrVIII) con- 
tains a number of families of aquatic forms several of which include 
biting species; among these arc the families Bclostomatidae and Noto- 
ncctidae. 

The giant u’ater bugs Letkoccrus (formcrlj' Bclostoma) and Bcnacus 
belonging to the family Belostomalidac are among the largest of the fam- 
ily of bugs, measuring 214 inches (6.5 cm ) in length and possessing for- 
midable beaks. They feed on other aquatic insects, also young frogs, 
fish, etc., and since they arc winged and readily attracted to lights, they 
are commonly known as electric light bugs They have been known to 
attack birds. Euing** describes the effect of the bite as follows* at 
9.30 A.M. a giant water bug Benaeus grtseus (Say) was allowed to bite 
tJic back of the right index finger. The beak was left inserted for a few 
seconds. 

“Immediately a burning scns-ntion followed Tm o minutes later the same bu" 
w.aa allowed to puncture the back of the left index finger for several second^ 
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A burning sensation was iralucctl. Soon some swelling was noleil and a red- 
dened area developed about the point of the puncture. Pain continued but dim- 
mtshed during the forenoon and by noon the reddened area had become reduced. 
By 1 :S0 P.SI. a small red spot was aU that was left at the puncture . . . ffhen 
Benactts gmem bites it emits a milky fluid from the tip of the beak, and the 
beak adheres to the skin after penetration, so that the skin is pulled up when 
the beak is withdrawn.” 

Lethocerus americanus (Leidy), another species of giant water bug, 
may also inflict a severe bite with effects that may last for several days. 

Back swiinniers belonging to the family Notonectidae may also inflict 
a painful bite. These predaceous bugs swim on their-backs, hence the 
common name back swimmers. The bite is nearly as severe as a bee sting. 

Bloodsucking phytophagous bugs. — Numerous instances of blood- 
sucking among phytophagous Hemiptera have been reported. Much 
information concerning these cases has been assembled by Usinger (1934, 
loc. cit.) and Myers ^ (1929). 


Among the species exhibiting this bloodsucking behavior are mem' 
bers of the following families: Membracidae, such as Ceresa bubalus 
(Fabr.); CicadcUidae, such as BuUttix ttnellus (Bak.), ETythroneura 
comes (Say) ; Miridae, such as /rhma solani (Held.), Sopidea marffinata 
Uhicr; Coreidae, Leptocoris trivitiaim (Say), 

Usinger remarks that the change from the sucking of plant juices to 
bloodsucking at first appears to be very great. "However^ upon com- 
parison of the chemical constituents, it is found that in general the same 
elements are found in plants as in blood and often in very similar com- 


binations although in very different proportions." 

Thrips biting man.—Thrips (Order Thysanoptera) are minute 
plant-feeding (sapsucking) insects (see Chapter VI for description of 
mouth parts) ; however, there have been numerous reports of tn^ 
attacking man and their ability to suck blood. Bailey ® states that whi e 
working on experimental plots he experienced bites from the onion thnps, 
Thrips tabaci Lind. .He felt sliglit pricks on the arms, face and necky 
both when perspiring and when not. He observed that the larvae 
instar) were more prone to bite than the adults and that the alimen a 
canal took on a reddish brown appearance after feeding. Smal 
dots appeared on the skin which disappeared in one to two a}S. 
was no swelling but a slight itching sensation. He had stmi ar e 
ences with the pear thrips, Taentothrips {nconsegj^ens (Vze ). 

Several other species of thrips have been reported in s stmUv 
tion, e.g., Heliothrips indicus Bagnall, a cotton pest o e u ^aUd&yi 

imaptmsBagnall, reported for Aostoha; Umothnps 
for Germany; Gynaikothrips ieri» ZimnKrman, for ^ 

species. It would appear that many spec.es "f ^ 

and that this behavior is not restricted to a particular p 


! 
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Urticarial hairs. — ^The caterpillars of many species of Lepidoptera, 
(at least 8 families) possess urticating hairs. Among the families which 
have urticarial larvae are (1) the Saturoidac of which the gervus Htmi' 
leiico is especially offensive. HemUmca oUviae Cockerell, the range 
caterpillar, is reported to be a menace to cattlemen in New Mexico.® A 
rash known as the “brown-tail rash” is traceable to the caterpillar of the 
brown-tail moth {Nygmia phaeorrhoea Don.), a common and very 
destructive shade tree pest in Europe and in America, especially New 
England. When the caterpillars of this species molt, myriads of tiny 
barbed hairs are shed with the skin. The cocoons of the pupated cater- 
pillars as well as the adult moths possess these hairs. These hairs are 
blown about by the wind and coming in contact with the skin of the 
neck, face, hands, or other exposed parts of the body produce a very 
severe dermatitis. The hairs are hollow and it has been shown by 
Tyzzer^’^ that they contain a definite poisonous principle which is 
injected into the circulation by the shaip-pointed hair m contact with 
the akin, thus producing the rash. Ingestion of the hairs by swal- 
lowing or inhaling in breathing may cause serious internal disturb- 
ances. 

Bishopp ” describes the symptoms produced by contact with the 
"puss" caterpillar {Megalopyge opercularis S. & A.) as follows: 

"Almost immediately after any portion of the body comes m contact with 
one of these caterpillars an intense burning pain Is felt, desenbed by some as 
sunilar to a severe nettle sting This usually becomes worse accompanied by 

• s 

y 

spreading of the inflammatory area for several inches and often accompanied 
by general swelling of the portion of the body stung Stings on the wrist have 
been follon ed by a swelling of the entire aim to almost double its normal size. 
A feeling of numbness which almost assumes the characteristics of paralysis 
accompanies the swelling This is usually confined to the member attacked but 
may be generalized Apparently slings on the neck arc even worse, ns the writer 
h.as one record of a man who was slung eeverdy on the neck aad completely 

' ' ’ ' r • , . . , . - . _ vlytiC sjinp- 

The stings 

■ ■ connderable 

■ , ‘.wo and are 

accompanied by nausea, especially during the first few hours. Usually within 
two or three hours after a sling, the reddened ptmple-likc swellings at the site 
assume the appearance of small vesicles or blisters. These usually persist for 

rnwlarea ' ■ ■ .... • . 

of attack i ■ ■ • ■ • ■ ■ 1 ' . 

piral}tic 8}'nip(om3 usually subside with the pain, but the local lesions often 
persist for several daj-s." 
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Students concerned -with the subject of urticarial hairs will need to 
consult Weidner’s (1936) work which includes a comprehensive bibli- 
ography on the poisonous hairs. IVeidner lists the following families of 
Lepidoptera which include cateipiDare with hairs causing skin irrita- 
tions, namely, Morphidac, ^forpho hercules Dalra.; Arctiidae, hthom 
camola Hbn., L. griseola Hbn.; Lymantriidae, Nygmia pAaeorrftoea 
Don. i;E«proctts chrysorrhoea (L.)), PoHhesia similis Fuessly, and scv- 
eral others; Thaumetopoeidae, Thaumetopoea pinivora Tr., Ana-ph 
injracta Wlsgh., and others; Lasiocampidae, Macrothylada rubi (I/.), 
Dendrolimus pint (L.), Losiocampa quercus (L.), and others; Noc- 
fuidae, a few species occasionally cause irritation; Nymphalidae, larval 
hairs may pierce the skin, e.g., Vanessa to (L.) and Hamadryas antiopa 
(L.) (mourning cloak) ; Satumidae, Automeris io (Tabr.) (lomoth), 
Hemileuca maia Drury (buck moth), and others; Megalopygidae, 
Megalopyge cri&pata Pack, (flannel moth), and others; Limacodidae, 
iSiihinc stimulea Clem, (the saddle-back caterpillar), and otliers. 

Blister beetles.— Blister beetles belong to the family Meloidae 
(Cantliaridae) (Order Colcoptera) and are so designated because of 
their vesicating properties, i.e., the application of the pulverized bodies 
or even the simple contact of many species produces a blistering of the 
skin. 

The Meloidae (Cantharidae) are described by Comstock; 


“The blister beetles are of medium or large size. The body is comparatively 
soft; the head is broad, vertical and abruptly narrowed into a neck; the pro- 
thorax IS narrower than the wing covers, which are soft and flexible; fhe legs 
are long and slender; the hind tarsi are four-jointed, and the fore and middle 
tarsi are five-jointed ” 


The blister beetles deposit their eggs on the ground, the larvae are 
active and feed, it is said, in some species on the eggs of locusts and 
solitary bees ; others are predaceous. They undergo a number of changes 
not usual fo insects, their development being termed hyperraetamor 
phosis. The adults are vegetable-feeding. 

Spanish fly.— The Spanish fly, Lyita vesicatona (Linn.), is a Euio- 
pean species of beetle found most abundantly during the early summer m 
Spain, southern France and other parts of Europe. It is golden green 
or bluish in color, ranges from one-half to tliree-quarters of an ^ 
length and makes its appearance quite suddenly in early summer, w 
it may be collected by the hundreds, clinging principally to such vegc 
tion as the ash, privet and lilac. The peculiar ^ 

these insect.? and the subterranean predaceous larval habds yve w 
some obscurity during their early development and the ^ 
anoe and equally sudden disappearance, owing to short adult lue, g 
rise to the belief that they were migrating forms. 
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The collection and preparation of the beetles for medicinal purposes 
provides an occupation for many persons for a brief period. Collecting 
and preparing tlie insects requires special precautions owing to their 
vesicating properties. The best quality of cantharidm produced from 
the pulverized beetles is the result of special care in the drying, which 
must be gradual. Cantharidin is an important local irritant used in 
medical practice. (See Chapter XXIV.) 

Other blister beetles causing severe seasonal vesicular dermatitis in 
Africa belong to the following species, Mylabris nuhica de Marseul, 
Epicauta tomentosa Maeklm, E-picauta sapphinna Maeklin, according 
to Chalmers and King 

Paederui crebnpunctatus Epp. (Family Meloidae) is reported to be 
a severe vesicating beetle of East Africa^* affecting Europeans and 
Africans similarly, althougli not severe on habitually exposed parts of 
the body of the latter. The term “Nairobi eye” applies to the conjuncti- 
vitis caused when the juices of crushed beetles are rubbed into the eye. 
The active principle is cantharidin. Roberts. and Tonking (loc. cit.) 
recommend a cold compress of saturated solution of magnesium sulfate. 

At least two species, Sessimo eoWons (Sharp) and Sessmio decolor 
Fairm., belonging to the family Oedomeridae, cause severe blistering on 
some of the mid-Pacific Islands where they are called coconut beetles.*® 
These beetles fairly swarm about the newly opened male flowers of the 
coconut where they feed on pollen. They are readily attracted by light. 
Coming in contact with one of these beetles causes a sharp momentary 
pain, like a burn from hot oil, but the large blister which forms in a few 
hours causes little pain. 


Spiders 

Class Ahacknida — Ohder Araneida (Araneae) 

General characteristics. — Spiders arc arachnids in which the pro- 
soma is uniform, bearing not more than eight eyes, and joined to the 
opislhosoma by a pedicle. The opisthosoma is usually unsegmented, and 
bears not more than lour, usually three, pairs of spinnerets. There is no 
telson. The chelicerae are two-scgmenled, moderately large and un- 
chelate, and contain a poison-gland. The pedipalps are six-segmented, 
leg'like and tactile in function. The legs consist of seven segments; the 
tarsi with two or three claws. Respiration is by lung-books or tracheae 
or, normally, both. The pedipatps of the male arc modified as intromit- 
tent organs. (Savory, The Arachnida, Edward Arnold & Co., London, 
1935) (Figs. 18 and 19.) 

Though spiders arc universally feared, no doubt because of their 
ability to kill insects by introducing a venom with the bite, it is never- 
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Ihclcss true timt out of the more than two thousand genera in more than 
thirty families only a very few species are actually dangerous to man 
Tarantulas.— The term tarantula was hrst applied to a European 
species, Lycosa tarantula (Linn.), which is a member of the family 
Lycosidae (wolf spiders). 

To the bite of Lycosa tarantula (Linn.) is referred the hysterica! 
disease known as tarantism said to have been common in southern 
Europe in the Middle Ages. 

The following account of tarantism is taken from the Cambridge 
Natural History, Vol. IV, p. 361: 


“The bite of the spider was supposed to induce a species of madness which 
found its expression — and its cure — in frantic and extravagant contortions of 
the body. If the dance was not sufficiently frenzied, death ensued In the case 
of survivors, the sjTnptoms were said to recur on the anniversary of the bite 
Particular descriptions of music were supposed to incite the patient to the 
excessive exertion necessary for his relief; hence the name 'Tarantella.' 

“In the middle ages epidemics of 'tarantism' were of frequent occurrence 
and spread with alarming rapidity. They were seizures of an hysterical char- 
acter, analogous to the ancient Bacchic dances, and quite unconnected with the 
venom of the spider from which they took their name. The condition of salta- 
tion and frenzy was contagious, and would run through whole districts, ivith its 
subsequent relapse to a state of utter prostration and exhaustion. The evil 
reputation of the Tarantula appears to have exceedingly little basis in fact " 


In California and the southwestern United States the term tarantula 
is applied to the very large spiders belonging to the family Aviculariidae 
also known as “bird spiders.” Many of these spiders measure about five 
inches in spread of legs. 

Eurypelma califomica Aussercr is widely distributed in the south- 
western United States. Baerg (loc. cit.) reports that “this tarantula has 
been credited with prodigious power in jumping (10 to 25 feet), and it is 
everywhere within its range or where its reputation has spread, feare 
greatly on account of its alleged poisonous nature. 


“Many tests have been made with the poison of this tarantula ^ ^ 
rats and guinea pigs both the bite and injections have been employe, 
mjections were made by grinding up both poison glands in distmed ^ 

also in physiological salt solution On guinea pigs tjoye bees 

been observed. On white rat ■ * - s 

observed. The bite and the i . ' ^ ^ 

of this tarantula is not fatal ’ ’ jgjjcy 

symptoms. At first the rat runs anoui exciieui>, i** “ cam 

manner. Then it becomes more quiet and appears to have c 
in the wounded leg. For much of the time the ey^ are closed. In abou 
live hours the rat shows evidence of recovery and m ““‘j® ^ ’ ,ly f have 

"On myself I tried the bite of this tarantula twice, and be 

been bitten by accident. The relatively didl fangs produce a pam that m 
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compared to that made fay a pin prick. It lasts for only 15 to 30 minutes and 
IS not accompanied by any infiaimnation or sirelbng.” 

Sericopelma communis Cambr is a large black species of tarantula 
common in the Panama Canal Zone, where it is generally feared. Baerg 
(Joe cit.) allowed a spider of this species to bite him on the finger. He 
allowed only one fang to puncture the skin. The finger felt numb in a 



fia 1S8 — Tlie Mack nidow apider, Lo(r«dfclv* ma<(ani Mattfre female with 
egg aac, egg*; £rtt tnUar apidm on nght of tfg mp, aerond and third inaiar tpideiv 
on left, fourth inetar on right bottom 

few minutes, and in 10 minutes the pain was quite severe. There fol- 
lowed considerable swelling of the finger, hand and wrist. After two 
hours Baerg put the hand in hot water for 30 minutes, when the pain and 
swelling subsided A lame fceJmgin the .small and third fingers remained 
for several days Baerg concludes that although decidedly painful, the 
bite of this tarantula is probably not dangerous. 
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The Black Widow Spider 

Latrodcctus mactans (Fabr.), now commonly known as the “black 
widow," was first described from America by Fabricius in J775, under 
tiio name Aranca maclans. It belongs to tlie arachnid family Theridii- 
dac. Like many otiicr species the specific name of this spider has many 
synonyms, among llicm the following: Lathrodectus malmignathusvQT. 
tropica van Haasclt, Lalrodcctus perfldus Walck., L. insularis Dahl., 
L. datatus C. Koch, L. apicalis Butler. Many common names arc also 
applied to this spider, among them in addition to "black widow” are 
"hourglass spider,” "shoe-button spider," "Pokomoo," a name used by 
tlic California Indians who probably referred to tliis species as "a small 
black spider witli a red spot under his belly,” “cul rouge” (rod rump) of 
Santo Domingo, "mico” of Bolbna, 



Fto ISO— Mnlf blnck •aider, 

Lflfrodef/u* mocfait* Dorsal Mew (lett); 
\fntral view (riRlit) 


lucaclm” of Peru, “Arana capu' 
tina" of Mexico. 

Tlic adult female is glossy black 
to sepia and densely clothed with 
sliort almost microscopic hairs 
which give it a naked appearance. 
An irregular white stripe, a rem- 
nant of nymphal pattern, is some- 
times present on the dorsal anterior 
margin of the abdomen. The char- 
acteristic crimson hourglass mark- 
ing on the underside of abdomen 
(Fig. 188), rarely altogether ab- 
sent, varies among individuals from the distinct hourglass marking to a 
design comprising two or more distinct triangles or occasionally on J ^ 
irregular longitudinal area. An occasional specimen ® 
at the posterior end of abdomen on the dorsal side, ® 

ncreta. The abdomen is globose and often likened to a shoe u 
average width of tlio abdomen is 6 millimeters, or Yi me , an 
over ail (legs extended) about 40 millimeters, that 
The abdomens of the gravid females often measure 9 by 

siderable variation, approaches that of the imma u 

Occasional mature males are almost , je^ent of each 

dominal markings of the immature fom. T e 

palpus appears like a large, black knob at the tron ^^senibles a 

tains the ejaculatory 3 millimeters, or 

coiled watch spring. The abdomen measures about 




^S-f:SS?s35?S5? 


-»P?«S55^ 

iggs=5;5 

“'^r '--r;, ^°5 ^ 

a‘S;”-‘S5i^i5:''^ 

°on!; ’,?'““‘‘-w..j.od ■ "“"'"S •^%to o' '■’ "■“ 

«”S«(C„1 The .““l^-aHy icw';," 





516 


MEDICAL ENTO:MOLOGY 

spun strand of viscid silk with cither one or both hind legs, and attemplb 
to tie doB'n the thrashing appendages. If the captured prey appears 
particularly obstreperous, the spider ejects from the spinnerets large 
viscous droplets which dry quickly after the manner of rubber cement, 
and if the victim becomes entangled by these jets, escape is impossible. 
At about this point a lethal bite is usually administered. After being 
bitten the victim struggles violently, and in the course of a few minutes 
of progressively weaker tremors, dies. The body fluids are sucked from 
the trussed up victim at the leisure of the captor. After the meal is fin« 
ished, all points of attachment between the remains of the prey and the 
web are cut loose, allowing it to drop from the web. 

The diet of the black widow consists largely of insects of the locality, 
small spiders, and even centipedes and sow bugs. It is surprising to leam 
the number of insects that an individual spider consumes during its life* 
time. Accurate records kept of the food of isolated specimens have 
totaled, in the life of an individual spider, as high as 250 houseflies, 33 
vinegar flies (Drosophila), two crickets, and one small specimen oi 
Latrodectus mactans (Fabr.). In considering the economic status of 
this spider its large diet of prevailing pests is a matter which should not 
be put aside lightly. It is interesting to note in connection with the diet 
that one individual (a male) was reared on a diet of its own species 
exclusively. 

Mating habits. — After molting the last time the male leaves its web 
and seeks a mate. In this active, wandering state the male makes no 
attempt to capture prey but will occasionally suck up a small amount 
of water or liquid food if the opportunity is offered. If fortunate in find- 
ing a likely mate, the male vibrates his abdomen rapidly, causing t e 
entire web to vibrate ; the female may produce reciprocating rnovemcn s. 
Cavtioi}$]y the male approaches and strokes the female with his fore eg?- 
It is a dangerous game the suitor plays, for if the female is not rea y 
his advances, death may result On the other hand, if the female accep s 
his advances-, the wooing begins. If agreeable, the female remains qm 
and allows herself to be spun up in a delicate web. Once the we is s 
cessfully spun the male effects coitus by applying the spring - 1 6 ® 
ratus of either palpus to the female genital opening Occasions y 
is repeated. After coitus the female easily frees herself an J 
instances ensnares and feeds upon her mate. The infrequen o ^ 
and recognition of the male of Latrodectus mactans^ ( a r. , 
with the mariticidal habit of the female, has often 

ural death. I'’ 
female^ 

the laboratory the males w'ill readily mate a secunu 
do not show such a tendency. 
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egg sac before emerging from one or more small holes which they make 
in the tightly woven envelope. The first molt, previous to which the 
spider cannot feed, occurs from one to two weeks after hatching. Usually 
the entire first instar (and sometimes the second) is spent within the egg 
sac, and at emergence the molted skins are left behind together with the 
egg remnants. There is a tendency on the part of the spiderlings to cluster 
for a few days after emerging from the egg sac, and cannibalism rules 
during this time. The spinnerets appear to be capable of functioning at 
the time of emergence, but the extremely delicate web is capable of hold 
ing only the smallest of prey, such as gnats, mosquitoes, and other tiny 
spiders. The mother if confined with her young will not feed upon them 
even though extremely hungry. 

Shortly after emerging and after a brief period of clustering, the 
nymphal spiders disperse by means of nearly invisible strands of silk. 
For several weeks they move about in the vicinity of their birthplace 
and suffer a high mortality from predaceous spiders, particularly and as 
already stated, from their own species. We have observed that when 
about one-third grown the female spiders establish themselves in some 
protected niche, construct small, loosely woven webs of their own, Jack- 
ing in specific design, or, rarely, take possession of an abandoned funnel, 
sheet, or irregular web. Once settled they remain in the chosen lair, 
capturing progressively larger prey and extending the web as they 
approach maturity. 

The number of molts that the black widow experiences varies, and the 
length of the intervening periods is even more inconstant, seemingly con- 
ditioned by the season and the amount of food assimilated. The average 
number of skins cast by the male is five. At optimum temperatures and 
with plenty of food this number is often reduced to threej under less 
favorable conditions, resulting in slower growth, a series of six skins maj 
be shed. The sexes may be distinguished by the palpi, or feelers, w ic 
in the male are swollen or knob-like (Fig. 189), while the female pos 
sesses slender palpi. Subsequent to acquiring this secondary sexua 
character the male moUs once (sometimes twice) before attaini^ 
maturity, at which time the web is abandoned, and his search for a tdb 


The female takes longer to mature and has an average of seven molte, 
with a range from six to eight. When preparing to molt, nothing is 
for several days. The old skin splits around the margin o e car 
slips off the abdomen, and the spider then gradually puJJs Jts 
from its old sheaths, leaving the “ghost” of itself on or near e w 

entire process requires about an hour. The newly molte 

delicate and usually remains at rest for a day or so after mo 
viduals occasionally die during the molting process. 
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end- 
. the 


paratively dark. 

Second instar.— Ail eyes become darker and a black band extends down the 


of the abdomen which remains whitish. On the underside of the abdomen the 
white area takes on a broad hourglass design outlined by a dark brown border 

Third inatar.— From this stage to maturity a wide variation in color pattern 
occurs Distinct lateral stripes begin to appear on (he dorsum of the abdomen, 
in the region of the dots of the second instar. Interv'ening areas take on a pale 
greenish yellow cast, and the legs acquire four black bands, one at each end of 
the patdla, one near the center of the tibia, and one at the junction of the tibia 
and the metatarsus The longitudinal white area on the underside of the 
abdomen becomes tinged with enmson. 

Fourth iiwtor.— Dark stripes or bands become distinct and faintly bordered 
with buff. The spinnerets take on a mottled appearance. Black bands at the 
leg joints become more distinct 

Fifth instor '~-The central dorsal white stripe on the abdomen tends to be 
constricted at intervals and acquires a reddish tinge near the tip. All white 


4II.M ulCuwc uiux. aiiu luuo. i(..»vlivt<.u OuUt b beiitti U1 ICUUUU spUliS HTC 
formed along the middorsal region of the abdomen. 

Eiphth instar — Only the females pass through this stage, which is often 
difficult to distinguish from the mature form. They are usually all black or 
sepia with the exception of the characteristic crimson markings and an occa- 
sional white band on the anterior margin of abdomen. 

Longevity . — The length of life of individual spiders, as one might 
expect, varies with such factors as food supply, natural enemies, Includ- 
ing man, etc. Under optimum conditions of food, temperature, humidity, 
etc , the complete life cycle from egg to maturity requires at least four 
months. Spideriings emerging from eggs laid in July and hatched in 
August will, of course, pass the winter in an immature stage which thus 
materially extends the length of time required to complete the life 
histojy. Activity on the part of both the spiders and the insect prey is 
greatly reduced during the winter months and thus largely accounts for 
the retardation in development. When a brood emerges in late spring 
or early summer, the females generally reach maturity before cold 
weather sets in, but egg laying is held over until the following spring, and 
hence the life c>’c)c is extended overa complete year. Mature males have 
not been found overwintering. 
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Under laboratory conditions a few females have lived through the 
second and third summers, giving a life span of nearly two years' 

Spider bites.— While spiders in general have been considered poison- 
ous, though largely erroneously so, for centuries, the group to which the 
black widow belongs in particular has been classed as poisonous for only 
about a century. Many of the early reports of spider bite traceable 
to the black widow came from the southern states and from 1889 to 1894 
were frequently mentioned in Insect Life (Riley and Howard, 1889- 
1894). After the rapid increase in the population of California during 
the latter part of the nineteenth century, reports of poisonous spider bites 
began to be received from this state. In 19S2 Bogen listed a total of 380 
cases from 18 states, of which 250 were from California. Numerous 
popular tnagaiine and newspaper articles have appeared from time to 
time reporting local cases and warning the public of this arachnid. 

Effect of bite on man. — The chain of symptoms resulting from the 
bite of the black widow spider is so striking that once recognized there is 
little danger of confusing it with that of other venomous forms or with an 
acute abdominal condition indicating surgical treatment. Cases of 
arachnidism, or spider-bite poisoning, have been incorrectly diagnosed 
by those unfamiliar with the symptoms as a ruptured gastric ulcer, acute 
appendicitis, renal colic, tabetic crises, tetanus, and food poisoning Ab- 
dominal incisions and post-mortems have revealed the intestine to be 
contracted nearly to the size of a lead pencil, resulting in a paralytic 


The bite itself (similar to a pinprick) is not always felt and often 
there is but little evidence of a lesion. However, a slight local swelling 
and two tiny red spots may occur, and local redness is usually in evidence 
at the point of attack. 

Pain, usually in the region of the bite, is felt almost immediately an 
increases in intensity, reaching its maximum in one to three hours 
generally continuing for 12 to 48 hours, gradually subsiding. A rigi i y 
and spasm of most of the larger muscle groups of the body (particu ar y 

those of the abdomen) are most notable. The abdominal muscles become 

"board-like,” but local tenderness as in appendicitis is ^ 

absent. There is a alight rise in body temperature, increased bloo P 
sure, a definite leucocytosis, and usually an increase in the 
spinal fluid. A profuse perspiration is evident and often a en e 
nausea. The degree with which these symptoms are presen J 
individual cases, and other symptoms such as chills, jj J 

constipation, hyperactive reflexes, priapism, and a burning 
the skin are frequently reported. , ,, ^rd 

Baerg,*® who permitted hims^f to be bitten (basal jo 
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finger of the left hand) by the black widow spider, when reporting on the 
effect of the bite, states: 

"Referring briefly to some of the general effects of the case, I would say that 
the sharp pain in the finger, or rather in the left hand, was the most prominent 
feature. Very nearly as unpleasant was the aching pain which was most violent 
in the thick muscles of the lower part of the back, and present in ^most ail the 
muscles of the shoulders, chest, and There was no marked tendency towards 

profuse perspiration I sweat^ heavily only when I first went to bed, and later 
after each one of the hot baths. I covered op well after these baths in order to 
bring about sweating, and I believe that it aided in recovery. There was no 
evidence of constipation. One dose of magnesium citrate brought fairly prompt 
results. On the day I left the hospital 1 took a second dose in order to facilitate 
recovery as much as possible.” 

Baerg’s physician, Dr. E, F. Ellis, added the following note: 

'The subjective symptoms in Mr. Baetg’s case have been very graphically 
desenbed by him. The objective qrmptoms would indicate, as observed 
by me, that there is a very marked phi^ocylosis locally around the area of 
the spider bite. The toxicity of the bite was such that the phagocytes very 
shortly offered no resistance to the systemic invasion of the poison. The 
poison m my opinion was parUy transmitted through the Wood stream and 
partly through the nerve trunk winch in this case was the median nerve. Strange 
to say in this particular instance the patient had a marked vasomotor disturb^ 
ance on the flexor side of the forearm, as was evidenced by a narrow strip some- 
thing like an inch in width, extending up almost to the elbow in which there was 
very marked diaphoresis. This was present during the first 24 hours after the 
bite. The toxicity was also manifested by vasomotor changes in the lumbar 
muscles and muscles of the extremities, and in all the brge joints of the body, 
as was shown by intermittent pains and symptoms similar to intermittent 
claudication There seems also to be a disposition, on his part, to unload very 
slowly, by elimination, the products of poison. More so than is the case with 
bites of any of the snipes including the rattler that 1 have observed ” 

Chmeal case records — The following case records from the Woodland 
(California) Clinic arc typical of arachnidistn: 

Cask No. 1 

Age: 41 Sex: Male Nationality: Dutch 

Occupation: laborer. .Date admitted: 9-3-31. .Date dismissed: 9-S-31 

9-3-31. About 8.30 par. on September 3 patient was taken with a sharp 
paininthe glauspenisp*''*'’^*'" •^‘”'7 — ■■ 7 .bout 

15 to 20 minutes the p ■ ■ • . ■ p^jjj 

being steady, deep, an( ' ' ' ’ . . and 

rolled on the floor. His abdomen got hard with the onset of the pain. In *about 
two hours pain bad developed in the back. He was given two bypodenaics 
(morphine) on entry which relieved Jnm some but stated that be slept only 
one-half hour during night. Heat was applied to legs and back. Around 4 this 
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are not glandular in nature, but function as absorptive organs which take 
up the poisonous constituents from the body fluid of the spider Sachs 
(1902) and Kobert in 1901 and 1906, according to Bogen, isolated from 
the spider body a specific poisonous principle named “arachnolysin” 
which they claim has a hemolyUc effect on the blood of various animals 
(see also Hall and Vogelsang 21 1932) . Our evidence relative to the venom 
of Ldtrodcctus mocfona (Fabr.) indicates that it acts primarily as a 
neurotoxin. Spider poison is not limited to the poison glands, but is also 
carried in the body fluids as pointed out by Sachs and by Kobert. 

Blyth and Blyth (1920) write: 


“The Kara-Kurt of the Tartars, ‘black wolf,’ is Latrodectiu lugrxbm, com- 
mon in south Russia, and attaining a length of 2 cm. (3^ inch). The Kara-Kurt 
poison is not only found in special glands, but is also diffused through the body. 
Kobert investigated this poison and stated that it is a generic type of the poison 
of spiders; the active principle is neither a glucoside, acid, nor an alkaloid. It 
does not dialyse, and drying destroys its activity; it has the characters of a 
toxalbumin, and has much similarity to the action of ricin and abrin. The Kara- 
Kurt poison dissolves the coloring matter of the red blood corpuscles even with 
a dilution of 1:127,000; it has a paralyzing effect on the heart, either due to 
action on the motor ganglia, or possibly a direct action on the muscle Hsdf- 
The blood pressure sinks, the walls of the smallest arteries and capillaries become 
so changed as to allow the transudation of the blood and serum, producing 
punctiform hemorrhages and edema. This is best seen in the lungs. ... The 
poUon also has a paralyzing action on the central nervous system, but It is not 
clear whether this action is primary, or whether it depends on the circulation 
troubles. 

“The fatal dose of the poison, injected subcutaneously or intravenously, is 
extremely small. Cats are killed by quantities equal to 02 to 035 mflligram 
per kilogram body weight. Repeated injections of nonfatal doses coder 
immunity.” 


Kellogg-^ (1915) states that high temperatures destroy the action of 

extracted black widow spider venom. It can withstand a temperature ol 
56° C. (132° F.) for 40 minutes, but is wholly destroyed if heated for 45 
minutes at 70° C. (158° F.). The venom cannot be crystallized, since it 
is destroyed by desiccation. The best means of preserving the extract 
venom is in glycerin, where it can be kept for several months. 

Treatment.— When bitten by the black widow spider, the paticn 
should be treated with local antiseptics, such^as tincture of iodine, at the 
point of injury to prevent secondary infection, kept as quiet as ^ 
and a physician summoned at once. Since, among other properties, 
venom appears to be neurotoxic and its effect little short of instantaneous, 
first-aid measures are of little value. . ^ 

Professional treatment for the bite of the black widow spi cr 0 - 
mainly in the use of opiates, hydrotherapy, and similar measures 0 
viate the acute pain. Medical records according to Bogen ( / 
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list more than 75 different remedies and of all these, 3 seem to be out- 
standing as palliatives; namely, spinal puncture, intravenous injections 
of magnesium sulphate, and intramuscular administration of conva- 
lescent serum when given within 8 hours. 

Gilbert and Stewart point out that as "the toxin directly stimulates 
the myoneural junctions or that it acts on the nerve endings, to find a type 
of therapy which would have a direct depressant effect upon these struc- 
tures would be ideal." Because calcium apparently depresses the neuro- 
muscular junctions, Gilbert and Stewart selected calcium salts for the 
treatment of black widow spider bile. They report on this treatment as 
follows, "We found that intravenous injections of 10 per cent calcium 
chloride gave instantaneous and prolonged relief of the pain, and at the 
same time produced immediate relaxation of the muscle spasm so com- 
monly seen in these patients. However, calcium chloride is not given thus 
without considerable danger. Its necrotic action on tissue outside a vein 
is only loo well known. This danger is greatly magnified when its use is 
attempted in the treatment of children. Therefore, calcium gluconate 
(10 CO. of 10 per cent solution, intravenously) , which does not have this 
objectionable feature, was used and found to produce equally as spectac- 
ular results as the calcium chloride. The intramuscular route, advisable 
for children, gave relief within a minute’s time. Calcium lactate orally 
was ineffective as far as determined, probably because of its incomplete 
and slow absorption.” 

As Bogen (loc. cit., 1932) states, in part, . . despite iU severe 
symptoms arachnidism is in the majority of cases a self-limited condi- 
tion, and generally dears up spontaneously within a few days.” 

Control. — ^The black widow is frequently found in garages, base- 
ments, in living quarters, in old outbuildings, particularly privies, old 
bams, pump houses, stables, and woodpiles. Frequent disturbance of 
spider webs with a broom is suggested as well as crushing the spiders. 
Workers in dried fruit industries find numerous black widow spiders 
under the drying trays when turning the trays. The use of gloves is sug- 
gested in this instance. In the open the spiders inhabit vacant lots, 
open fields and hillsides, building their webs in crevices of rocks, be- 
tween adjacent rocks, under logs, under projecting banks, in deserted 
squirrel or rabbit holes, under low wooden or concrete bridges, cul- 
verts, etc. 

Since the egg sacs are conspicuous end are not carried about by the 
spider, they may be readily collected and destroyed. Great care should 
be exercised when collecting egg sacs because the female spider guards 
the sac closely and is particularly pugnacious at that time. The public 
should be encouraged to collect and bum or otherwise destroy the egg 
sacs of the black widow spider. Where accessible, the adult spider can be 



526 MEDICAL ENTOMOLOGY 

brushed from its web with a broom or stick and stamped ijfwm, or a euit- 
able insect spray may be used to cause the spider to fall to the floor 
where it shouM then be crushed. The use of a blow torch when no hazard 
is involved is effective in the destruction of eggs and adult spiders as 
well. Because of the danger from spider bite when Using privies in rural 
sections, it is suggested that the undersides of the seats and corners of the 
box be painted well with creosote or crude oil. 

The adult female black widow spider is extremely difficult to kill with 
any contact spray. The common fly sprays act for the most part as 
moderate repellents, and at best only render the spider iempomi)y 
paralyzed. Of such chemicals tested, as carbon tetrachloride, carbon 
bisulfide, and a combination of ethylene dichloride and carbon tetra- 
chloride, the first appears the most effective and paralyzes the spider 
almost immediately. However, in a few hours normal activity returns 
Kerosene applied as a spray will kill the spider in a few rninutes; the in- 
creased fire hazard must be considered. A Lper-cent solution of nicotine 
sulphate in water will usually kill the spider if thoroughly drenched with 
the spray, but this is not always possible because of the spider's habit ol 
withdrawing into protected quarters when disturbed. Creosote, used as 
a spray, has proved to be the most effective material yet employed and, li 
the spider is contacted, death has resulted in every case observed. In 
addition to killing the spider the creosote acts as a repellent. Corners m 
garages, outbuildings, basements, etc., may be sprayed with good effect 
with a penetrating creosote. The immature spiders are much more readily 
killed than the adults and most of the above-mentioned chcmieels are 
usually effective. 

Natural enemies . — Under natural conditions the black widow spid«f 
is held at least moderately in check by its natural enemies. Among the 
various spider-hunting wasps and mud daubers there appear to be certfU 
species which completely ignore this spider, as for example the ye 
marked mud dauber, ScelipTiron caementarim Drury, while other speew 
of mud daubers use the black widow spider to store their 
Irving an ! * ■ ■ ■ • - n- , ^ ^ 


cyaneutn . 

black widow spiders had been stored in 15 nests, an 

nest. The large San Diegan alligator Heard, » 

tuebbii (Bairdl, in southern California, has been suggested by 

as prrn.,m.. „„ 5tYiT,nrfant factor in cutting down the incidenc^^ 


spide: ■ ■ ■ ' ; ' er, 

tial. ’ ■ ae 

and the chloropid fly, Pseudogaurax signaia . • 

Coq.) , play an important rSle. 
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With protection afforded by man-made structures which exclude the 
natural enemies, the spider thrives and multiplies rapidly. 

The chloropid fly, Pseudogaurox stgnata (Loew) , can be reared suc- 
cessfully in captivity as proved by George Elwood Jenks, who has indi- 
cated his success to the author by correspondence and has beautifully 
illustrated the work of this interesting fly in the August, 1936, number of 
Popular Science Monthly. Thclarvae of this fly lie free in the egg sac 
and completely consume the eggs of the spider. The fly deposits its 
glistening white eggs on the outside of the spider's egg sac. The larvae 
hatch in five or six days and gain entrance into the sac by pushing their 
way through the fibres The length of the larval stage is eight to nine 
days, according to Kaston and Jenks,*^ and the pupal stage requires 11 
to 12 days. 

Other spiders.— Instead of being objects of admiration because of 
their beauty, many of the beautiful garden spiders or orb weavers are 
objects of fear These spiders are harmless and what is more, they are 
really beneficial because they feed on insects which may be harmful to 
the garden. The commonest of the garden spiders are RUranda aurantta 
(Lucasl, the golden orb weaver, and Argiope argentato (Fabr.), the 
silvered orb weaver; both of these construct beautiful geometrical webs.** 
They belong to the family Arglopidae. 

The remarkable trap-door spiders** represented by the California 
species, Bothriocyrtum coU/omicum Cambridge, and the eastern trap- 
door spider, Pachylomcrus audouim Lucas, belong to the family Avicu- 
lariidae already mentioned as including the tarantulas. The trap-door 
spiders are perfectly harmless. 

The burrowing spider, Drachytkelc longifnrsus Simon, commonly 
causes consternation in the home when winter rains and cold w’cather 
drive the spiders undercover. Like the trap-door spider, which it re- 
sembles, it 13 quite harmless. 

Sfcatoda borealis (Henti) , belonging to the family Theridildae, re- 
sembles the black widow spider rather closely but is slightly smaller, 
the color is sepia and it bears no red markings The egg sac is small and 
loo'^ely woven. It is a harmless speeics 

The banana spider, IJtteropoda venatoiia Koch, belongs to the family 
Hctcropodidae and is frequently brought into northern fruit markets in 
bunches of bananas or other produce from the tropics. These rather 
large (spread of 31A in ), long-legged dark brown spiders arc commonly 
mistaken for tarantulas. Their bile is painful but is not regarded as 
poisonous. 

In the house as well ns out of doors one commonly encounters the 
small jumping spiders, belonging to tlie family Attidae. Members of the 
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genus Phidippus may be seen stalking houseflies on the windows of the 
dining room or kitchen. These spiders have been known to bite, but so 
far ns the author is aware, the effects were benign. 

The “pruning spider,” Gliptocranium gasteracanthoides Nicolet, is 
reported by Escomel to be a particularly venomous species in Peru. 


Venomous Ticks 
Class Aracknida, Order Acarina 

Ticks producing local or systemic disturbances by their bite alone are 
known in both families Ixodidac and Argasidac (see Chapter XXI), 
tliough more commonly in the latter. 

Ordinarily little or no injury results from the mere bite of an ixodine 
tick — the writer has know'n of Dcrmacentor occidentalis Neumann an 
Dcrmacentor variabdis (Say) to remain attached to a person for daj^ 
without causing great inconvenience and occasionally quite unobserve 
by the host. However, Nuttall (1911,loc.cit.) records a number of cases 

cited by otiicr authors in which the bite of Ixodes ricinus (Lmn.) as 
caused serious consequences, notably a ease described by Johannessen o 
a “boy wlicrc the tick’s body was removed but the capitulum remaine 
embedded in the skin at the back of the head. Swelling followed at ft 
point of injur}', accompanied by headache, stiffening and . 

muscles of one side, partial loss of memorj- and P'’'!''™' ’’“/fraJej 

came dilated, etc. The boy made a slow rccovcr>’. The " 
nanus var. califomicus Banks in California commonly resu 
or less marked systemic disturbances. . , a are 

Quite a number of species belonging to 
known to cause more or less senous consequences y 
Omithodoros moubala (Murray), 0. conacevs Koch, 0. tala, 
and 0. turicata (Duges). reneatedly as 

Omithodoros vwubata (Murray) m nuoted by Nuttall 

causing marked disturbances by its bite Jfellmam Q 
(1908, loe, cit., p. 98 ), "states that the P ^ The 

and irritation (especially in Europeans) not subsid. g 
wheals are hard, raised and swell mos ^ (nymphae) 

this even a week after being billon. The i 5 adults.” 

is said by the natives to be more severe *a” “ ^ 

Omithodoros coriaceus Kooh.-Th>s sp eire 
more mountainous coastal counties of jiount Hamdton 

scribed from Mexico. The writer has collected t 
where it flourishes in the deer beds ““““I f ,, is u translation by 

dumoso). The following description of the species 
Nuttall from the original: 
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"Shaped like the sole of a shoe, thick mai^ncd, roughly sbagrccned, yellow- 
ish-earthy color, spotted rusty-red, legs toothed dorsally. Length 93 mm. 
Body about twice as long as wide, wdth fairly uniform, indented on the sides, 



FlQ ISl — Showing Ornilhodoroi teriatevt jutt haeVisg awar from her egga recently 
depoaited in the aand. Kote the protective coloration of the tick. X S. 

pointed above the mouth parts, rounded posteriorly, a thick tumed-up border 
all around; the whole surface above and Mow thickly granulated like fish sldn 
(shagreen), the granules fiat above, consequently, the whole leathery, on the 
back unequal fol^ and grooves. Beneath in the front of the body a deep groove 
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these are deposited on the sand in slight depressions. There are com- 
monly four to seven layings at intervals of from several days to several 
weeks during the months of May to July, inclusive (as early as Febru- 
ary under laboratory conditions), and the female is known to deposit 
eggs for at least two successive seasons. The greatest number of eggs 
observed at one laying was 802, with a total of 1,158 for one season. The 
incubation period at a maintained temperature of from 24® to 26® C. is 
from 19 to 29 days, with an average of about 22 days 

The larvae (Fig. 192) are very active, scattering quickly and attach- 
ing readily to a host, particularly xabbits in the laboratory. Experi- 
mentally the human may also serve as a larval host. The ear of a rabbit 
apparently affords a most satisfactory point for attachment. The larva 



Tic 102— Showing «gg o( OrKithoioro$ corioc<u$ and larvae of the lame in the act 
of emerging; tlao two fulir emerged individuala X 1(. 

remains attached to the host for a period of about seven days, becoming 
quite globular and much enlarged. 

Under favorable conditions the tick becomes sexually differentiated 
after the fourth molt, requiring about four months to reach this stage. 
Others have not become sexually differentiated with five molts. Ordi- 
narily the tick molts once for each engorgement, but there may be two 
molts between feedings. 

Remedies for tick bites. — ^For the bile of Omithodoros moubata 
(Murray) Nuttnll ''recommends prolonged bathing in very hot water, 
followed by the application of a strong solution of bicarbonate of 
soda, which is allowed to dry upon the skin. For severe itching he 
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advises smearing the bites with vaseline which is slightly imprcmW 
Tattos arte" " '““S^then cS.plt 


Scorpions 

Class Arachnida, Order Scorpionida 

General characteristics. — Scorpions are easily recognized by their 
more or less crab-like appearance, but particularly by the presence of 
the long fleshy five-segmented tail- 
like postabdomen terminating in a 
bulbous sac and prominent sting. 
(Fig. 193.) The pedipalps are 
greatly enlarged and the last two 
segments form strong lobster-like 
chelae or pincers. The true jaws, 
cheJicerae, are small and partly con- 
cealed from above by the front edge 
of the carapace. There are four 
paire of terminally clawed legs 
throughout life. 

The cephalothorax bears a pair 
of conspicuous eyes near the mid- 
dorsal line (median eyes), and sev- 
eral smaller ocelli in groups of from 
two to five, on the lateral margins 
(lateral eyes). Some species are 
blind. Scorpions breathe by means 
of lung books. They are ovovivip- 
arous, and when the young are bora 
(hey are carried attached by their 
^ g pincers to the body of the mother. 

Although the sexes are very simi* 
lar in appearance, the males have a longer cauda and the chelae are 
broader. 

Scoipions are found most commonly in tropical and subtropical coun 
tries. They are nocturnal, remaining hidden during the day benea 
loose stones, loose bark of fallen trees, boards, piles of lumber, un er 
floors of outbuildings, and under debris. They feed upon larger msec s 
and spiders, which they seize with their chelae and sting with their powe 
ful sting, which is thrust forward over the scorpion's back. ^ 

Scorpion sting.— The “aculeus" or sting of the soorpion is situam 
terminally on the final bulbous segment. The bulbous segmen con 
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a pair of venom glands which arc separated by a muscular septum. Fi oiu 
the glands are given off fine efferent ducts opening at the apex of the sting 
(Pavlovsky . The sting curves downward when the “tail” is extended, 
but upward and forward when the scorpion poises for attack or defense, 
the entire tail-like postabdomen (tail) being curved dorsally and for- 
ward. The victim is struck quickly and repeatedly, the thrust being made 
quite close to the front of the carapace. 

The venom is a tianspaient liquid, add in reaction. The toxic prin- 
ciple is said to be a neurotoxin. “It also has a lecithide which haemolyzes 
nucleated as well as nonnucleated blood corpuscles. . . . Although the 
sting of a scorpion is very painful, the poison as a rule does not produce 
general symptoms in adults, but in children under five years of age 
the sting frequently causes death,” according to Waterman,®* whose 
notes on the subject of scorpion poisoning should be consulted by physi- 
cians concerned with this matter. Waterman states that the““diaguosis 
is generally easy if a history of the sting is obtained, a slow full pulse 
easily compressible, with rapid respirations, a pulse respiration ratio 
of 3:1, 2:1, or 1:1; salivation, vomiting, glycosuria and epigastric pain 
and tenderness — a characteristic picture of scorpion sting.” The punc- 
ture made by the aculeus may be visible. 

The symptoms caused by the slmg of the Durango scorpion, Cenfru- 
rotdfls iufjusui Pocock [Centrurus gracilis (LatrciUe)?}, arc described 
by Baerg ®® as follows; 


“Immediately following the sharp pain produced by the sting is a feeling 
of numbness or drowsiness, then there is on itching Bensation in the nose, mouth 
and throat that makes the victim distort the face, rub nose and mouth, and 
sneeze. There is at first an excessive production ol saliva; this and a curious 
feeling that is described as the sensation of a ball of hair in the throat, induce 
the victim to swallow as rapidly as possible. The tongue is sluggish, so that com- 
munication is often by signs The muscles of the lower jaw are contracted so 
that it is difficult, or impossible, to give medicine through the mouth. There is 
a disorder of movements in arms and legs The temperature rises rapidly to 
104® or 104£® F., the salivary secretion now diminishes and there is a scarcity 
ol urine. The senses of touch and right are affected, objects appear large on 
touching them, hair feels rigid, face feels bulky, a veil seems to be interposed 
between the eyes and vanous objects, strong light is unpleasant to patients 
Lununous objects, such as a candle, arc surrounded by a red circle Frequently 
there is a pronounced strabismus. There may be a hemorrhage of the stomach, 
intestine and lungs. The convulsions come in waves and increase in severity 


danger; yet death may occur six to hours after the patient was stung 
It is then probably due to nervous exhaustion following the long periods of 
convulsions.” 
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The African scorpion, Buthus qidnqucsiriatus Hcmprich and Ehren* 
berg, of Egypt and northern Africa is said to produce similar symptoms. 
The mortality due to the sting of this scorpion is said to reach 60 per 
cent in children under five, but diminishes with age. 

The order Scorpionida is divided into six or seven families, dependmg 
upon the author. These arc Scorpionidae, Buthidae, Vaejovidae, Chacti- 
dae, Ischnuridac, Bothriuridac, and Chacrilidae. According to Ewing’’ 
four of these families occur in the United States and northern Mexico, 
and arc separated as follovrs: 

A.1 Sternum subpcntagonal, with sides almost parallel. 

B.i Membrane at base of hst tarsal segment of most of the legs with a 

single spur; postabdomen frequently reduced Scorpionidae 

B.* Membrane at base of last tarsal segment of most of the legs with two 
spurs. 

Only two ocelli on each lateral margin of carapace Chactidae 

C.* With three to five ocelli on each lateral margin of carapace 

Vaejovidae 

A.* Sternum triangular, the sides ' ' '• ’• 

brane at the base of last * 
unbranched spurs; fixed a* 

Buthidae 


Over 300 species of scorpions are known. 

Family Buthidae. — ^This is the most widely distributed of the 
of scorpions and is distinguished from the other American families y 
the shape of the sternum which is triangular, the sides being strongly con 
vergent anteriorly (Ewing). To this family belongs Centruroides su] 
fusus Pocock, the so-called Durango scorpion, the common scorpion o 
the State of Durango, as well as other neighboring states in Mexico an 
portions of Arizona. During the period from 1890 to 1926, accor mg 
Baerg (1929, loc. cit.), “a period of 36 years, there have been l,o 
deaths” from scorpion stings in Durango. The majority of vie i^ 
children from one to seven years. The symptoms caused by e s m 
this scorpion are described above, . 

C entrur aides vittatus (Say) [C-caroUnianus (Wood)] is 
striped scorpion of the Unit^ States. It is widely distri u ® . j, 

been reported from Georgia, Florida, Kansas, Texas, r ansa , 
ana, New Mexico and South Carolina. Concerning t e s ’’’J gnecks 
cies, Ewing (1928, loc. cit.) writes, ‘The writer has the 

to sting him and has observed the effects of its s mg , • gjjjall 

time of the stinging there is a sharp pain, but this j^t. This 

swollen area, or wheal, usually develops _ reported for 

soon disappears. There are no permanent effec s o 
the species as far as known to the writer. 
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C entrur aides nigrescens (Pocock) is known as the black scorpion. It 
is reported from Texas and Mexico. It measures 10 cm. in length, and is 
dark chestnut-brown to jet-black. 

Centruroides califomicus (Girard) is the striped scorpion of Cali- 
fornia. It resembles C. vittatus (Say) very closely. 

Buthus quinquestriatus Hemprich and Ehrenberg is a common Egyp- 
tian and North African species, more especially in upper Egypt, accord- 
ing to Wilson,^* who states that it is of a sandy yellow color tending to 
brown, and measures about 10 cm. in length. That author also states 
that it is undoubtedly the commonest species in that region and is gen- 
erally thought to be the most dangerous; it is frequently found in houses 
and is the species in all probability giving rise to the numerous cases of 
scorpion sting said to be not uncommonly fatal in upper Egypt. 

Family Scorpionidae. — According to Ewing this family is well repre- 
sented in Central America and the tropical regions of the Old World, but 
is poorly represented in the United States. 

Diplocentrus whitei (Gerv ) is a very dark reddish brown scorpion 
from 5 to 7 cm. in length. This species has been taken on the Mojave 
Desert, California. Ewing writes that he has been inclined to associate 
serious scorpion stings with this species, because of the descriptions 
given by persons living near the Mexican boundary who have had ex- 
perience with cases of severe scorpion sting On the other hand, Baerg 
(loc. cit.) states that several punctures from two scorpions failed to 
produce any appreciable effect on him except the slight pain of the 
puncture. 

Family Chactidae. — ^This family differs from all other North Ameri- 
can scorpion families in having only two ocelli on each side of the cara- 
pace. 

Broteas alleni (Wood) is a small dark brown species measuring about 
3 cm. in length. It has been taken in lower California and at Fort Tejon, 
California. 

Family Vaejovidae. — ^This is the best represented family in North 
and Central America. It contains a number of very large species. 

Iladntrus hirsutiis (Wood) (Fig 193) is the giant hairy scorpion, our 
largest species, measuring 11 to 12 cm. in length. The body is dark yel- 
lowish and hairy. It is found in southwestern United States and northern 
Mexico. The writer has taken this species in the Imperial Valley, Cali- 
fornia. 

Iladrurus astecus Pocock is the Mexican hairy scorpion and closely 
rc'cmbles II. hirsulus (Wood) . 

Vaejovis tpinigenu Wood is the stripe-tailed scorpion. It has four 
longitudinal dark stripes on the underside of the "tail." It measures 
from 6 to 8 cm. in length. It is a typical desert species, occurring in rocky 



536 MEDICAL ENTOMOLOGY 

waste places of Texas, New' Mexico, and California, where it is common, 
Baerg (foe. cit.) reports that ita sting caused only a slight pain whiei 
disappeared in less than half an hour; its poison had no appreciable effect 
on white rats. 

Vaejovts borcus (Girard) is the northern scorpion occurring in North 
and South Dakota, Idaho, Wyoming, Nebraska, and Montana. It is a 
dark, yellowish brow'n, unmarked species measuring from 3.5 to 5 cm iti 
length. Its sting, though painful, is benign in effect. 

C/roc(onus mordoi Thorcll is tlic mordant scorpion, a dark brown 
mcdium*fii 2 cd Pacific coast species. It is the commonest species in the 
San Francisco Bay region. Its sting is about as painful as that of a 
yellow jacket, hut causes ns a rule less swelling and the effects soon 
disappear. It occurs under loose rocks, beneath bark of fallen trees, 
under rubbish, tent floors, and (he like. 

Scorpion control, — Tl»c scorpion hazard on premises may be lai^b' 
reduced by the elimination of favorable hiding places, such as boards, 
loose rocks, rubbish, platforms, and tho like. Creosote sprays have asub- 
stantial repellent cITect, but unless a cle.'ir solution can be obtained, may 
not be desirable about the yard. In some localities where scorpions sre 
abundant and dangerous n bounty bns been paid. Tlius Baerg (loc. ciU 
reports that in 1928, May 1 to July 31, 12,911 scorpions were collected in 
and near the city of Durango by scorpion collectors (alacrancros), and a 
bounty of two and onc-hnlf cents for the females and two cents for the 
malc?s was paid. Baerg also states that Dr. Brachetti advises that the 
“powder of chrj'santhcmum will drive scorpions away, or even kill thein. 
and so does creoHne — a dilute solution of crcoline to be sprinkled on t e 
floors and on the flower beds about the house." 

Whip Scowioks 

Class Arachnida, Order Pedipalpida 

Characteristics of Pedipalpida.— The Pedipalpida ‘ y 

subtropical arachnids although vco' wn®''®nly distributed. 
to be absent from Europe and North Africa (Savory’). 
scorpion" is applied to the Family Thclj'phonidae because e ® ^ 

end of the abdomen is provided with a long, slender, many-segni 
appendage (Fig. 194). Vinegairoon is a common name. 

The giant whip scorpion, Mastigoproctus gtgant^s 
in Florida where, according to Ewdng,** it is found on 
various litter and under logs, under boards and lum er 
ground. It feeds on almost all kinds of larger insec an 
pods if not too hard or too active. A closely related spec 


(Lucas), occ^ 
,e ground 
lying on 

,d other arthro* 
ies. if not idea- 
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tical, occurs in southern California, mainly in sandy desert places where 
it burrows in sand under debris. They are commonly regarded as poison- 
ous, although they cannot sting but may bite. The writer has found that 
many persons living in the arid parts 
of California fear this creature very 
much, but knows of no evidence to jus- 
tify this fear. Ewing states that on no 
occasion was there more than a trivial 
mechanical effect from the bite, similar 
to that of a slight pinprick. He states 
that when handled it gives off a repel- 
lent fluid which has the odor of vinegar. 

This fluid may possibly produce some 
irritation to persons with a tender skin 

SoLPUGros 

Class Arachnida, Order Solpiigida 

Characteristics of the Solpugida. — 

The eolpugids (Fig. 195) , commonly 
known as “sun spiders" and “wind 
scorpions," are in general appearance 
spidcr-likc, although there is no ped- 
icle; they arc very hairy, largely noc- 
turnal, occurring mainly in desert, 
tropical and subtropical regions. They 
are common in many parts of Califor- 
nia and have been reported as far north 
as Nebraska. The chelicerae arc large 
and powerful and are two-segroented. 

The second segment is movable and ar- 
ticulates in such fashion as to -work in 
a more or less vertical plane. Food is 
crushed to a pulp, the fluid is swal- 
lowed, and the hard parte arc ejected. 

The first pair of legs are used as tactile 
organs. Respiration is trachealc. 

They are commonly but erroneously 
regarded as exceedingly venomous. The writer has been told that the 
presence of one of these animals in a watering trough would result in the 
death of any animal drinking from the same. There is csudcntly not the 
slightest foundation for this belief. Although these animals arc able to 
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inflict a painful bite by means of their powerful jaws, the effect is fleeting. 
Poison glands arc absent. 

There arc said to be only twelve species in the United States, a!l but 
one belonging to the two genera, Eremobates, e.g., Eremobates fomi- 
carius (Koch) andE.formidabUiS (Simon) ; and Ainmotrecha,^g, Am- 
motrecha limhaia (Lucas). 


Centipedes 

Class ^fy^iapo(^a, Order Ckxlopoda 

Characteristics of Myriapoda. — The Myriapods are wonn'to 
animals with separate head, possessing antennae, and many faidy 



Fifl. lOS.—A Bolpugid. commonly called son spider. Eggs on ngbt. 


similar segments, each possessing one or 

appendages. Likethein8cctatheyaretraoheafedandfotthea.es 

The ciasa Myriapoda is divided into tour or csti 

ate Chiloooda, the centipedes, with only one pait^ 

■ incjp^l^y 

■ * • ' ■ ' KocL» 


so-called “thousand-legged w oro. ;,™„da have only one pa'^ 

Characteristics of separated at the bas®,*' 

appendages to each segment which are wtde y pM^^^ ^ 

antennae are many-jointed, the gemta p ^ ^-priAecous, feeding 

body segment. The larger j 
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mainly on insects. Notwithstanding the confusing abundance of walk- 
ing appendages, the centipedes crawl very rapidly. 

Unlike the millipedes, which possess no organs of defense except 
glands which secrete an offensive odor, the centipedes are provided with 
powerful poison claws located immediately ventral to 
the mouth and connected by means of a hollow tube 
with large poison glands. The first pair of legs which 
terminate in these claws are bent in position to form 
maxillipeds. 

The larger centipedes (Fig. 196) are commonly re- 
garded as venomous and are generally much feared. 

Large insects are quickly killed when the poison claws 
tflose upon them. It is true that the larger species 
belonging to the genus Scolop&ndra and even the 
smaller house centipede, Cermatta {=ScutigeTa) jor- 
ccps (Raf.), are able to pierce the skin with their 
poison claws and cause severe pain with some swell- 
ing at the site of the bite. Cases are reported showing 
a double reddish streak on the skin where the centipede 
had crawled. This condition may be caused by the 
dragging sharp tips of the terminal pair of legs. Among 
the several formidable-appearing species of the genus 
Scolopendra are S. heros Qir of southern United 
States, S. polymorpha Wood of the southwestern states 
and Mexico, S. vindis Say, a Mexican species, and S. sumicArastt Sauss. 
from the Canal Zone. All of these species may reach a length of from 
five to six inches. Many of the centipedes are markedly phosphorescent, 
notably Oeophxlus electneus (Linn.) and G. phosphoreus Gervais. 
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CHAPTER XXIV 


UTILIZATION OF ARTHROPODS IN MEDICAL 
PRACTICE 

Introduction. — Certain insects and other arthropods have been used 
in the practice of medicine for centuries, mostly in the form of infusions, 
though often employed in weird and revolting practices. There are many 
uses to which arthropods and their products are put in modem practice; 
some of these will be enumerated in this chapter. 

Early uses. — ^Beetles have contributed a notable list of remedies, as 
the following extracts from Ktmze’s Entomological Materia Mcdica^ 
(1893) indicate. Coccinella (i.e., ladybird beetles) have been recom- 
mended for toothache if one or two beetles are mashed and pul In the 
cavity of the tooth ; this was also considered a very efficacious remedy for 
colic and measles. 

The mandibles of Lucanus cervus Linn., the stag beetle, were em- 
ployed under the name of ^9101713 of scarabaei” as an absorbent in tases 
of pains or convulsions. Presumably the same beetle has been recom- 
mended to be worn as an amulet for "an ague or pains, and contracUon oi 
the tendons if applied to the affected parte, and if tied to the necks d 
children it enables them to retain their urine.” The oil prepared from 
this beetle by infusion was dropped into the ears for earache. 

Mouffet, in his Theatrum Insectornm (1634), states, according to 
Kuni4, that "the beetle engraven on a emerald yields a present remedy 
against all witchcraft, and is no less effectual than that ruby wbicb 
Hennes once gave Ulysses. ... It keeps away likewise the headac e, 
which truly is no small mischief, especially to great drinkers.” 

Cockroaches, crickets, grasshoppers and other Orthoptera were a so 
commonly used. Pulvis tarakonae is a medicine made of Blotto erknta « 
Linn, or Blatta laponica Linn, and was recommended for pleuritic e “ 
sion and pericarditis. The "ashes of Gryllus domesticus Linn, we 
be diuretic ; the expressed juice dropped into the eyes is 
weakness of the sight and alieviates disorder of the tonsils, if 


M2 


them. . . . The Lacusta africanus (a grasshopperj is a very & 

dote against the poison of the scorpion.” hrjHsed 

Spmtus formicarum was made by macerating two parts ot tee o 
ant, Formica rufa Linn., in three parts of alcohol an en 

before use; it was long known as a rubefacient. The oil o orm 
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Linn, obtained by infusion was said to be good for the gout and palsy. 
Oleum /onnicnrum is asserted to be more powerful than the spirits for 
gout and rheumatism. 

Bees, medicinally known as Apis, have long been looked upon with 
favor in medical practice. Early writers, according to Kunze, state that 
when dried, powdered and taken internally they arc diuretic and 
diaphoretic. 

Roasted Cicada has been recommended to be eaten for pains of the 
bladder. Coccus cacti Linn, or cochineal is suggested for whooping cough 
and neuralgic affections and a tincture Cimeceum made of bedbugs, 
Cimex Icctulanus Linn., has been highly recommended for tertian agues 
and helminthic infestations. 

Spiders and their webs have been used in the treatment of disease 
and injuries for centuries and some of these practices still persist. The 
author has seen untreated cobwebs used to stop the flow of blood from 
severe cuts. Pills of cobwebs arc used, it is said, for headache, insomnia 
and numerous other ailments. Tela aroneae, tincture of spiders, is still 
included among unoQicial drugs which may be purchased if desired. The 
tincture is said to be a remedy for toxaemia, malignant ulcers, hysteria, 
etc. There is reported to be an important difference between the tincture 
of the Cuban tarantula and that of the Spanish tarantula. 

Waterman (1938, loc. cit , p. 541), stales that the natives of Trinidad 
have great faith in their methods of producing immunity to scorpion 
poisoning; namely (1) fry a few scorpions and eat them ; (2) smoke the 
scorpion m a pipe; (3) place some scorpions in rum for a week or two 
and then drink the contents. 

Spanish fly. — Lytta vesicatoria (Linn.) is a species of beetle belong- 
ing to the family Mcloidae which occurs in southern Europe, particularly 
southern France and Spain. It is a golden-green to bluish species rang- 
ing from one-half to three-fourths of an inch in length. It is collected 
principally from such vegetation ns ash, privet and lilac. The larvae are 
subterranean and predaceous in habit. 

The term cantham was early employed to designate this group of 
beetles. Indeed, the term “cantkanasu” is still used to designate an in- 
testinal or gastric infestation of coleopterous insects. The term cantharis 
is also applied to a genus of ‘’’leathcr-wingcd" beetles, closely related to 
the true blister beetles of the family Meloidae from whose bodies phar- 
maceutical cantharidin is derived. 

Canriiaridm is a crystalline principle, the nnhydrid of canlharidic 
acid, isolated by Robiquetin 1812 from the Spanish fly, Lytta vesicatoria 
(Linn.) . Cantharidin penetrates the epidermis quite readily and pro- 
duces even in very small quantity (1/10 ing.) violent but superficial irri- 
tation resulting in vesication in a few hours. Ei’en when applied to the 
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skin cantharidin irritates the kidneys so that 'Ty blisters” are coatra- 
indicated in nephritis. It was formerly used as an aphrodisiaj^ but Its 
effects may be dangerous to life, hence its use for this purpose has beta 
largely discontinued. 

Malaria therapy of paresis. — The treatment of general paresis of 
syphilitic origin by means of artificially induced malaria is now a well- 
recognized practice, having been first used in 1917 by Wagner- Jauregg in 
Vienna. 


Boyd 2 points out that the principal requisite for the prosecutbs of 
naturally induced malaria therapy throughout the year is a sufficient 
supply of anopheline mosquitoes, preferably secured by rearing. Also 
a further requisite is a continuous supply of patients for whom malaria 
therapy is indicated, in whom the strains of malaria parasites may bf 
successively propagated. Boyd used routinely Anopheles guadrimacu- 
latus Say reared in an insectary and a strain of Plasmodwm vivas, 
hnown as the Boyd strain. He states that negroes show a high degree of 
tolerance, and in none was the attack of malaria of sufficient duration to 
be of any therapeutic benefit. For negroes, Boyd, Stratman-Thoioas, and 
Kitchen * employ Plasmodium falciparum routinely, applying six or 
eight infected mosquitoes. In the case of P. vivax inoculations for white 
patients not less than four infected mosquitoes are applied. 

Mosquitoes incubating the parasites are kept at a temperature of 20® 
C. with a relative humidity of approximately 85 per cent. On about the 
third day after emergence the mosquitoes are fed on an infected patient 
in whose blood there are both male and female gametocytes. Exfiagella- 
tion should be observed in order to insure a good supply of infected mos* 
quitoes. “The salivary glands of the mosquitoes were not usually found 
positive for sporozoites before the sixteenth day after the infecting 
meal.” In the interval between feedings on patients the mosquitoes are 


kept at a constant temperature of 23° C. Infected mosquitoes may n 
used repeatedly. A single infectious moscjuito has been successful in 
infecting as many as H individuals. If kept at a low temperature, in- 
fected mosquitoes may live for many days; at least 125 days have been 
reported, during which the insects may be shipped long dist^ces. 

Reporting on mosquito-induced malaria by the Boyd stnim o . 
vivax in the treatment of general paresis at the Manhattan Sta e os 
tal, Kusch, Milam and Stratman-Thomas * state that “af ter the 
tion period of 8 to 18 days (usually on the eleventh to the fourtee w 
there was an acute rise in temperature to shout 40“ C. followe ^ 
paroxysms and remissions. ChiUs most 
four days after onset of the high temperature. Th 
state that when possible all patienta were f 

taneous termination of the malana. In companng t 
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inoculated malarial and mosquito-inoculated malarial patients, they 
found that there Tvere approximately twice as many paroxysms per 
patient in the latter as in the former, i e., 8 to 12 in blood-inoculated and 
24 in mosquito-inoculated; also they believe this factor of duration of 
the malaria course to he the significant one in the results obtained. “Ma- 
laria induced by mosquito bite for treatment of general paresis appar- 
ently gives better results than that produced by direct blood inoculation, 
and is the method of choice for the treatment where facilities for its use 
are available." 

Malaria therapy in arthritis. — In view of the favorable results often 
obtained in rheumatoid arthritis by intravenous injection of typhoid vac- 
cine, a test was made by Cecil, Friess, Nicholls and Stratman-Thomas “ 
of malarial therapy in the treatment of this disease. Specimens of 
Anophelet guadrimaculatus Say infected with Plasmodium vivax were 
used on twelve patients; the thirteenth received a quartan infection 
The number of paroxysms allowed to each patient varied from 3 to 15, 
the average being 10. The investigators report that 

"all thirteen of the patients received immediate benefit from the treatment. 
In a majority of cases the improvement was striking, practically all pain and 
swelling disappeared from the affected joints after three or four malarial parov 
jsms In the course of from four to six weeks after tennination of malaria all 
but two of the patients had more or less recrudescence of joint symptoms, and 
one of these two suffered a complete relapse later on. The one exceptional 
patient who did not relapse had had arthritis for only four months at the time 
malarial therapy was administered ” 

Surgical maggots.— Although now largely discontinued in favor of 
other treatments, the use of sterile maggots, maggot therapy, in the dis- 
infection of osteomyelitis and other infected wounds was introduced into 
professional medical practice by Baer shortly after the end of the World 
War (Baer, 1931)®. Baer had noticed that when men wounded in battle 
had been lying out on the ground for some time before being carried into 
dressing stations, their w’ounds were infested with maggots. He noticed 
particularly that these men whose wounds were crawling with maggots 
did not develop infections, as did the men whose wounds had received 
early treatment. It was discovered that the maggots were eating the dead 
tissue in which the bacterial infection throve; the maggots actually 
served as a “viable antiseptic." Baer’s work attracted a great deal of 
attention and much experimentation followed, resulting in numerous 
publications by many investigators. 

In 1932 Livingston and Prince’ reported that filtered, uncontami- 
nated products derived from the bodies of larvae iti culture, when brought 
into contact with pyogenic organisms in pctri dishes, destroy^ tlic 
cultures. 
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The fly larvae used in earlier osteomyelitis treatment apparently 
belonged indiscriminately to the following species, namely, Lucilia sen- 
cata (Meig.), L. caesnr fLira.) and Phomia regina (Meigen). It was 
assumed that all these species fed only on dead tissues. Stewart ® has 
shown that even Lucilia sencata (Meig.) larvae which have been most 
commonly used in practice will establish themselves in and feed upon 
normal healthy tissue, although they prefer necrotic tissue. He warns 
that they, and probably the larvae of Pkormia regina (Meigen), ZacvYia 
Caesar (Linn.) and Wohlfahrtia nuba (Wiedemann), are potentially 
dangerous to normal tissue and must be utilized with care by an experi- 
enced person. 

Stewart ® also came to the conclusion that not only the scavenging 
activities of the maggots play an important r61e in the Buccesslul resvlts 
obtained, but that the calcium carbonate, which was found to be con- 
stantly exuded by the larvae, is also of importance because of its prop- 
erty of alkalinizing the wound and of markedly increasing phagocytosis. 
Robinson in his Inter investigations discovered that allantoin and urea , 
are present in maggot excretions, and that both have good effect in the 
treatment of osteomyelitis; however, because of its low cost and high 
solubility the urea is now generally used, thus largely disposing of the 
use of maggots. 

The production o{ sterile maggots if these are desired begins with the 
8terjli2ation of eggs, which must be completely separated so thatthe indi- 
vidual eggs may be wet with the disinfecting fluid. The following pro- 
cedure is outlined by Robinson: 


'^As a practical egg disinfectant formalin compares very favorably with 
the numerous other solutions tested, and in some respects it is the most satisfa - 
tory one tried. Immersion of the eggs in a 5 per cent Eolation of foima m p 
per cent sodium hydroxide lor five minutes has been found Bnfficient to proauce 

(ICO jng. in weight) are placed in a test tube of 
the .•■ '■•i'.- '• -I' After 5 mmutes most of the solution is 

decanted ar-' then "ashed. A widely vised method 

devised by '• ' . ,jly 

crucible sup*... ^ ■ 

with water. _ _ principil 

lossfadiscajdiD* theW 

■ to 1,000 maggots am 

preferable. For lots of that are sheu viaib iwou. “Se'^ 

or wide-mouthed Epecimen bottles, m^esatHtactow to ^ J?,; j a hoM’' 

miners are plusged with ganre-eovemd eetton ™ 
oven at 160o to 160° for one hour. Thejood is “ttoduced 

"Two types of Bterile food are Sir'erSh In coM storaS' 

the maggots, but necessitates the ° neohiection to cold sloiase 

during the sterUity tests which are described later, iie ODjeciioi 
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is that it causes a high mortality of the maggots However, if this food is used, 


“The other type of food permits only a slow rate of growth of the maggots 
up to the time of implantation but does not interfere with their feeding and 
rapid groivth in the wound. This food, de\'ised by S. W. Simmons, consists of 
equal parts of whole sweet milk and water to which is added 1.5 per cent plain 
agar. The mixture is boiled for three to four minutes and about 10 cc. is poured 
into each container. Advantages of this retarding food are that jt eliminates 
the cold storage of maggots during the sterility tests, and it permits the tech- 
nician to hold surplus maggots in reserve for a few days without chUling and 
consequent mortality. The food is cheap and very easy to prepare. It also 
makes possible the shipment of sterile maggots long distances without ice 
packing 

“After the food is added, the containers are replugged and autoclaved for 
30 minutes at 15 pounds’ pressure and stored in the refrigerator until used. The 
eggs are introduced into the food bottle by transferring them upon the bandage 
gauze directly from the Gooch crudble to the bottle. The bottles are then placed 
in cither the fly or the larva cabinet for hatching The cloth may be removed 
from the bottle after the eggs have batched ” 

Testa Jor atenlity oj maggots . — ^Robinson slates that in 

“about 48 hours after hatching, each lot of maggots is tested for stenhty. A 
reliable and simple procedure is to test some of the partly liquefled food upon 
which the maggots are feeding It b ^sential that both aerobic and anaerobic 
tests be made If the retarding food b used, the maggots can be kept at room 


precaution, after the corrcspooding lots of maggots have been released for 
clinical use." 

Bee venom in therapy,— Popular belief that persons habitually ex- 
posed to bee stings do not suffer from rheumatism has existed probably 
for centuries. Persons afflicted with rheumatic disorders commonly allow 
themselves to be stung by bees, hoping for relief Mackenna ” points out 
that attempts have been made to produce a stable bee-venom preparation 
for clinical use. These preparations arc cither given by transcutaneous 
injection or inunction. Mackenna’s tests made with injections of a 
proprietary’ preparation gave encouraging results based on the treatment 
of over n hundred cases of “neuritis, fibrosilb, rheumatoid arthntb, and 
ostco-arthritis.” 

Use of honey in the treatment of wounds. — In a valuable article 
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dealing witli the effect of honey on bacteria and infected wounds, Gunde! 
and Blattner point out that honey has played an important role in the 
art of healing during the Middle Ages and is again gaining favor in recent 
times. It was early recommended for the treatment of ulcerated wounds 
by application of a piece of linen moistened in honey. Honey was also 
recommended for inflammations of the mouth cavity and throat and 
ulcerations of the digestive tract. Its use was also advised for the treat- 
ment of fresh and still bloody w'ounds by spreading honey alone upon 
the wound by means of a piece of cloth and then binding. 

As the result of a series of tests with honey in the treatment of experi- 
mentally infected wounds in white mice, Gundel and Blattner conclude 
that the purposely inflicted and infected wounds treated with honey 
healed more rapidly than those receiving other treatments. They state 
that the wounds treated with honey must not be bound, and the treat- 
ment must be applied early. Based on these favorable indications, it is 
suggested that the therapeutic use of honey be further tested. 

Gundel and Blattner also suggest the use of honey for wounds of the 
gums and tongue ; they suggest simply taking honey into the mouth for 
a brief time and then swallowing it. 

Mandibles of ants and beetles used in suturing wounds.—Accord* 
ing to Gudger there are numerous references in early medical literature 
to the use of living black ants for closing incisions and small per/orafioos 
in the intestines, as well as stitching extensive wounds. These references 
date back to Hindoo writings as early ns 1000 b.c. and probably earlier, 
also reference to the modem use of ants for such purposes is made in 
recent literature both of the Old World and the New. 

It is well known that the large black ants belonging to the genus ^ 
also Camponotus (so-called carpenter ants) and near relatives possess 
powerful jaws noth W’hich they are able to grasp objects with 
dinary firmness. To effect a suture an individual ant is so placed t a i 
jaws, which are widely open, close upon the edges of the skin an ra 
them snugly together. The head is then cut off, and the 

firmly attached until the wound is healed. In this manner a size epe 

foration may be sutured by using a number of ants. 

Gudger remarks that except for India 


"the use of ants for suturing among^ 


civilized people both 

i^^Spain. France. Italy m fomw 

^itday^warm regions^ 

oughout the greater part of tee 


year.” 


Gudger also refers to the simdar 5sed for 

family Lrabidae. The genus Scarites .s said to have been u 
stTchLg wounds oin Algeria, in Asiatic Turkey” and m Europe. 
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Xenodiagnosis.— Ashbum and Craig** (1907) obser\'ed that when 
the mosquito, Culex fatigans Wied., bites, it manages to get from the body 
of the patient 40 to 50 or more times as many filariae as it is possible to 
obtain in a similar amount of blood from a needle prick. They point out 
that this fact might have a practical value in examining cases of suspected 
filariasis in which the parasites are so few in number as readily to be 
missed. 

In 1914 Brumpt ** coined the term xenodiagnosis to designate the use 
of uninfected reduviid bugs (Tnatoma) in the diagnosis of Chagas’ dis- 
ease. 

Hinman conducted experiments with an alcoholic extract of the 
salivarj' glands of mosquitoes, Culex fatigans Wied., to test a possible 
chemotactic reaction of the dog filaria, Dirofilaria immitis. Tests 
were made on infected dogs by first counting the number of microfilariae 
in a known quantity of the dog’s blood (001 cc. usually) , immediately 
following this an injection of O.l cc of the salivarj* extract was made, and 
after a period of one to two minutes another sample of blood was taken 
from the site of the injection. Hinman reports the results of this research 
as rather ‘'inconclusive.” 
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Acalyptratae, 136 
Acantliiidae, 86 
Acantkocepkala, 40 
Acanthochetlonema Cobbold 
Acantkocheilonema perstans (Manson), 
148, 213 

Acariasis. 33, 36, 472 
‘cboriopt:c, 479-^80 
iatestinal, 491 
p&oroptic, 472, 480-483 
pulmonary, 49l 
sarcoptic, 47IM80 

Acarma, 52, 54, 422-468, 472-495, 528- 
532 

Acanis Lmn ' 

Acann miucaTum Linn , 319 
Acftonon ichoenlemi Lobert, 110 
Ackert, J E , 81, 300 
Adler, S, '146 

Aedes Meigea, 161, 171, 189 
boreal, 174-175 
flood water, 172-173 
salt marsh, 171-172 
tree hole, 173 

Aedei aegypli (Linn ), 3, 4, 5, 7, 171. 
' 175, 176, 213, 217, 218, 219, 220. 222. 

223 

afncanui Theobald. 176, 218 
olbopictus (Skuse), 176, 218, 220 
aMncki Dyar and Knab, 166, 167 
oplcoannulatu* (Edwards) (see Aede$ 
ttokesi) 

fiTgenteus (Poirct) (sec Aedcs 
aegypli) 

canlatoT (Ckiq), 222 
cafopu* (Meig) (see Aedes acgyplt) 
cataphylla Dyar, 171, 174 
communti (a/iocnsu Dyar, 171, 174, 
175 

dorsalu (Meigen), 25, 171, 172, 173, 
222, 229, 257, 506 
fiuvialilis (Luts), 176, 218, 219 
hczodonltis Dyar, 174, 175 
tncrcpttirt Dyar, 175 
/eucoeelacnus Dyar and Shannon, 219 
lufcoccpftaftu Newstead, 173, 176. 218 
ni'i^omaculw (Ludlow), 222 
palwtrw Dyar, 175 
erapuluru (Rondani), 170, 218, 219 


Aedes (Conlinued) 
sculeUarts Theobald (see Aedes albo- 
ptetus) 

simpsom Theobald, 173, 176, 218 



sioKest iiiVans, ^i!» 
taentorhynchus (Wiedemann), 172, 
218, 223 

tnsenalus (Say), 173 
ranpatpua (CoquiIIett), 171, 173, 230, 
251 

venCrovtUts Dyar, 174, 175 
vexans (Meig ), 159, 166, 167, 171, 172. 
173,249 

tnlfatua (Bigot), 176, 218 
Aedmi, 159, 163, 171-176 
Agramonte. A , 3, 215, 225 
Ailken. T H G . 178. 189, 190, 273, 471 
Alaeloga, 41 

Akes amencana amencana Jardme, 431 
Aldrich, J M . 153, 277, 301, 360 
Alesscodnoi, G . 181 
Aleurobttu Canestrini 
Aleurobtus jannae (DeGecr), 490 
Algicides, 258 
Allergy, 34, 36 

Alhlobophora chhroUca 8av , 288 
^mora (Carabidac), 61 
Amblyomma Koch, 428, 432-133 
Amblyomma amertennum (Lmn ), 433, 
437, 438, 442 

cajennense (Fabr ), 09, 437, 438 
hebracum Koch. 452 
vonepatum (Fabr), 452 
Ambly’cera, 122 
/tmmotrecAa Banks 
Ammotreeha Itmbala (Lucas), 53S 
Amoeblasis, 37 
Anaamas Endcriem, 275 
Astaphe injracta WalsinghanvSlO 
Anaptasma Thciler 
Anajdasma marginale Thcilcr, 452 
Anajdasma maTgxnale cenlTxdt Thciler, 
452 

Anaplaamosis, bo> itic, 423. 430, 452-453 
AnojM lincatella Zell., 489 
Anoso Imlu (DeGecr). 85 
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Anatomy, loscct, 44-50 
Ancylostoma Dubmi 
Ancyhstoma duodenalc (Dubioi), 28 
contnum (Ercolani), 297 
Anderson, J. 332, 333 
Anderson inalana campaign, 2]&-211 
Andre, Ch., 298, 209 
Angina pcstosa, 41C 
Aniiomorpfca buprestoidet (Stoll), 35 
Annc^i'rfo, 29 
Anomiopsyllus Baker 
Anomtopsyllui nudatus Baker, 398 
Anopheles Meigen, 34, 44, 150, 161, 177, 
189, IDO, leS, 205, 207, 210, 221 
biting habits, 187 
breeding habits, 182 
egg characters, 178 
infcctivity experiracnts, 205-207 
key to U. S. species, 190-192 
life history, 

vectors of malaria (species), 20S-209 
Anopheles aconiius Dbmlt, 209 
(Nve^rkynckus) albtmanus Wiede- 
mann, 177, 183, 187, 190, 191, 209 
albiiarsts Lynch Ambahaga, iCO 
alpencnsw Theobald, 209 
otropos Dyar and Knab, 177, 182, 187. 
100, 191 

barben Coquillctt, 173, 177, 182, 186, 


Anopheles (Continued) 
philippinensis Ludlow, 299 
praudopunettpennw Theobald, 166. 
177, 178, 180, 181, 183, 185, 188, 190 
191, 205, 209, 2i8, 219 
jmnetipennis (Say), 177, 178, 180, 183, 
1B5, ISO, 187, 188, 190, J9J, m 205, 
206, 207, 249, 251 
punctulatus Donitz, 209 
quadrimaculalus Say, 177, 182, 183, 
184, 185, 187. 18S, 190, 191, 205, 207, 
208, 209, 249, 251, 255, 258, 5«, 
315 

rasst Giles (see A. subpictus) 
saccharovi Favr., 178 
tergenli (Theobald), 182, 209 
sinensis Wiedemann, 209 
stephensi Liston, 209 
subpictus Grasst, 205 
superpictus Grasai, 209 
tarsmaeulatus Goeldi, 209 
umbrosus Theobald, 182, 209 
valken Theobald, 177, 186. 190, IW. 
192 

Anophelines, maJam-carrj’iag, 205-209 
Anophelmi, 159, 163, J76-192 
“Anopbehsm without malaria,” 3, 181- 
182 

Anoplura, 23, 50, 56, 60-61, 68, 69, lO*- 


190. 191 

crucians Wiedemann, 177, 182, 186 , 
187, 190, 191 

cultci/aaes Giles, 15, 177, 209 
eluius Edwards, 178, 180, 209 
fluvtatilis James, 209 
Junestus Giles, 209 
gatnbiae Giles, 209 
ffrabhumu Theobald, 177 
hj/rcartus (Pallas), 209 
leucosphynis Dbnitz, 209 
ludlowi Theobald, 182, 209 
macjtlalus Theobald, 182, 200 
tnacubpennts Meigen, 3, 25, 31, 159, 
167, 168, 177, 178, ISO, 182, 183, 185. 
188, 190, 191, 192, 205, 208, 209, 222, 
234, 251. 255, 60b 

maeuiipcnnw var. atTOparvus van 
Thiel, m 

var. labranchiae Fslleroni, 180 
var. melanodn Hackett, 180 
var. messeae Falleroni, 180 
var. subalpinus Hackett and I,ewis, 
180 

var. typicus Meigen, 180 
minimus Theobald, J82, 209 
moucheli Evans, 209 
ntU Theobald, 209 
occidentalis D. and K., 185 


Antorclophthirui Enderleln 
Antarclophthms tnckechi (Boh ), 105 
Anthocoridae, 102 
Antbomyidae, 136, 278 
Antkonomus grandis Boh , 489 
Anthrax, 2, 37. 80, 89, 265. 266 
Anihrenus mvseorum Linn., 80 
scTopkulanae (Binn), 79 
verbasci Linn , 79 
Ant lions, 47, 50, 68 
Anta, 69, 603-504 
agricultural, SOI 
black, 548 
California fire, 504 
Cahfomia harvester, 504 
carpenter, 548 
harvester, 5W 
Mexican fire, 604 
Texas harvester, 504 
velvet, 504-505 
woolly, 604 

Apalolestes Wilh?ton, 263, 274 
Aphidae, 50, 08, SS 
Aphis maidiradicxs Forbes, 20 
ApAodiuSt 70 , 80 
Antndantici. S3 


Apw, 643 
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lOTEX 


/ Beetles ('Continued^ 

darkling ground (Tenebrionidae), 84 
dung (see Aphodius) 
flat, 84 

intermediate hosts of helminths SC- 
SI 

ladybird, 542 
larder, 79 
parasitic, 83 

saw-toothed gram, 82, 84 
scavenger, 78-79 
sexton, 79 
stag, 542 

Beloitoma (see Lethocents) 
Belostbmatidae, 101, 607 
Belschner, H. G., 357 
Benacus griseus (Say), 507 
Bengston, I. A., 374 
Bennett, B. L , 223 
Bennett, D. H., 357 
Bequaert, J., 141, 320, 378, 379 
Bequaertomyia Brennan, 273 
Berry, C. E., 407 
Beny, G. P, 223 
Beny, L, J., 336 
Bete rouge, 492 
Bethylidae, 505 
Betts, M. C., 420 
Beyer, O. E., 205 
Bignami. A. E., 3, 13, 223 
Biological control, 21 
Bironella Theobald, 177 
Bishopp, F. C., 119, 124, 125, 127, 130, 
331, 336, 366, 374, 379, 434, 435, 453, 
468, 485, 509 

Biting hce, 26, 50, 68, 121-130 
Black dea^ (see Plague) 

Blacklock, D. 5 , 6, 140, 359 . 

Black muzzle (sheep mange), 47a 
Black widow spider, 614-527 
control, 525-528 
effect of bite on man, S2C-523 
life history, 617-619 
longevity, 519 
natural enemies, 527-628 
treatment, 524-525 


Bloitaies, 36, 283-291, 348-353, 356-360 
(see Flesh flies) 
black (see Phormto repino) 
strike, 356-358 
Blue, K., 393 

Bluebottle fly, 36. 289 (see Flesh flies) 
“Blue bug” (see Argos persicus) 

Blyth, A. W., 524 
Blyth, M. W, 524 
Boas, J. E. V., 368 
Bogen, E., 520, 524, 525 
Bolbodimi/ia Bigot, 274 
Bollinger, 0 , 266 
Book louse, 2G, 50, 68 
Boophtlus Curtice. 428, 431, 432 
annuZotus (Say), 2, 31, 27, 38, 424, 
425, 426, 432, 442-450, 452 
bovis Riley, 447 (see Boophlus onnu- 
lalMs) 

decoloratus (Koch), 432, 447, 452 
micToplus (Canestnni), 447, 452 
Booponus tnZonm Aid, 35S 
Botflies, 36, 136, 342, 3G(V373 
horse, 136, S60-364 
reindeer, 365, 370 
robust (see Rodent bols) 
rodent, 372 

Bothriocyrtum coZt/omteum Cam* 
bridge, 627 
Bothriuridae, 534 
Boyd, M. F, 184, 196, 209. 456, 544 
Boynton, IV. H, 453 
Brachetti, F., 636 
B/acbycers, 134, 135 
Brachytkele longitarsus Simon, 527 
Bradley, G. H, 253, 261 
Braun, Max, 62, 344, 484 
Brennan, J. M., 273 
Brenton, 435 
Brevirostrata, 428 
Briggs, LeR. H , 455. 456 
Brill’s disease (see Typhus fever) 
Bristletail. 50, 67 
Brody, A. L , 223 
Broteaz Ko(^ 

Broteas alleni (Wood), 535 
"Brown-tail” rash, 609 


venom apparatus, 528-624 Bruce, D , 2, 5, 323, 324 

Blaizot, L., 110 Bnies, C. T., 156 

Blaps (Tenebrionidae), 77 Brumpt, E., 98, 451, 461, 549 

BZateZZa Servilla Brundrett, H. M , 374 . 

Blatella germanica (Lina.), 72, 76 Bubo virgimanvs padficus Casain, 


Blatta Linn. 

Blatta laponica Linn , 542 
orientaZw Linn , 72, 76, 642 
Blattidse, 40, 70-78 
Blattner, V., 548 

Bloodworm (Chironomidae), 150 


Buckley. J. J. C., 148 
Bugs, ambush (Phymatiaae), 10*' 
assassin (see ReduviVdse/ 
bat (Polyctenidae), 93, 102 
bedbugs (see Cimicidae) 
biting water, 507-603 
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Bii^s (Continued) 
bloodsuck-ing phytophagous, 508 
chinch (Lygcidae), 102 
chinch, false (^ystuj), 35 
damsel (Nabidae), 102 
flower (Anthocoridae), 102 
giant water, 86, 101, 507-508 
gnat (Enicocephalidae), 102 
kissing bugs or conenoses, 6 
leaf (Mindae), 102 
shore (Saldidae), 102 
squash, 50, 85, 102 
stmk (Pentatomidae), 101 
treaders, water (Mesoveludae), 102 
velvet water (Hebndae), 102 
Buhach, 126 

Burgess, R. W., 153, 154, 155 
Burke, A. W , 218 
Bumll, A C., 150 
Buthidae, 534-535 
ButAus Leach 
Bulhus o/er Leach, 497 
qutnqueslrialus Hempnch and Ehren- 
berg, 534, 535 
Butterflies, 43, 50, 69 
Buxton, P. A., 15, 182 
Byain, W, 112 

Caddis flies (Trichoptcra), 50, 68 
CaSrey, D. J , 640 
Caba, A.R,4ai 
Calabar swellings, 269 
Calcium chloride, 525 
cyanide, 402 
lactate, 525 

Callij>hoTa Robineau-Desvoidy, 2S9, 345 
Callipkora eTUlhrocephala (Meigen), 
290, 293, 345 

vomilona (Linn), 290, 293, 29S, 342, 
311 

Calhphoridae, 278, 289, 312 
Calmette, A , 497 
Calypteratae, 136 
Camphor, 143 

Camponolu3 (Formicidae), 648 
Cancer (relation to cockroaches and 
nematodes), 76 
Conij caraibicus CLesson), 145 
Canthariasis, 543 (see Lyita wencoforio) 
Cantharidae (Colcoptera), 510 
Cantharidm, 511, 513-544 
Cantharis, 513 

Carabidae (Colcoptera), 81, 543 
Carbon bisulfide, 402, 404-405, SOI, 526 
tetrachloride, 115, 601, 620 
Cardosa, E , 225 
Carlct. M.G,500,602 
Carpet beetle (see Dermestidae) 


Carrion beetle (see Silphidae) 

Camon’s diaase (see Verruga peru- 
viiwa) 

Carroll. J, 3, 176, 215. 216, 225 
Carroll, J.H, 112 
Carter, H R . 17, 187, 211, 227 
Case, A. A^ 81 

J. Ir. R. y., 260 
Castellani, A , 1, 112,296, 321 
Catch basins, 250-251 
Caterpillar, urticarial hairs, 509-510 
“puss" (see Megalopyge opeTCulans) 
range (see Hemileuca obviac) 
saddle-back (see Sibine sttmulea) 
Cattani, J , 296 „ j 

Cattle grubs, 365-370 (see Jlypoderma 
bovts and i/. bneata) 
economic losses, 367-369 
life history and habits, 366-S67 
treatment, 369-370 
Cattle fly sprays, 336-337 
Cattle tick, soutbero (see Boophtlus 
annulalus) 

Cavia asperea Pallas, 397 
Cavy (see Cawx asperea) 

Ceanolhus (wild hlac, “tick bush ), 425 
Cebus (monkeys), 219 
Cecil, R L > 545 
Ceder, E T., 420 
CediepspHo Jordan 
CedtopsyBa tnequaht (Baker), 39s 
Centipedes, 30, 538-539 
CentruTOides Marx 
CenlniTOxdes caUJornicus 
carohntama (Wood) (see C. 
ntflrejcens (Pocock), 535 
sugusus Pocock, 633, 534 
viltolus (Say), 554, 535 
Centrurm Uempri(A and f 
CenlTuna graetla (Latreille) (se 
truroides sugusus) 

CephaUmya Latreille, 

Cephatemya maculata (Wied ). 372 
malti (Hunter), 372 
trompe (Linn ), 372 
Cepbalobaenida, 491 

otns) 

CeratophyUits Curtis 

CeratophyUus aculua Baker (see Dw- 

'STcUi-.m-Riis 

Momm B.Ver (ret OnptvUa i*- 
Aoeneu) 

mga Fox, 41J. <18 
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Ccratopoyon Mcigon, 147 
Ccralupognn atellijcr CofimllcU, 148 
CcTitopogonulae, 135, 147-149 
CercopUhecus palas, 105 
Ccresa bubalua (Fabr.), 508 
Ccmialia Illigcr 
C'crmatio Jorccpa (Raf.), 539 
Ccstoda, 28, 39 (see ^’apeworn)) 
Cclonia aurala (Lmn ), 81 
Chactidae, 534, 535 
Chacrilidac, 531 
Chactopoda, 29 
CJiaelotajry, 133 
CJi3ga5. C., 6, 97, OS 
Chagas’ disease, 0, 3S. 41, 97-100, 519 
Chagasta Cru?, 17C, 177 
“Chalaco” (sec Dormtlalor latifrons) 
Chalmers, A. J., 112, 611 
Chalybion cocndcum (Linn ), 503 
cyaneum <KIug), 62G 
Chandler, A. C., 220, 225 
Chandler, W. L., 630 


Ckorioptes Gervah and van Beneden 
473, 479 

C/mrioplcs bovia {GurLich), 480 
c<[ui (GerUch) (sec C. symbiotes) 
OV1S (Itajllict), idQ 
syvibiotcs Verheyen, 479 
Chownmg, W. M, 435 
Climtopbew, S. R., IBO, 1&2, 1S3, m 
202, 209 

Chrj'santhcmum, powder of, 636 
Chrysomelidae, ^ 

Chrysomifia Robmeau-Desvoidy, 353 
Ckryeomyia albiceps (Wiedemann), 357 
betziana (ViHcocuve), 257 
dux (Escherich) (see C. bezztana) 
^aweepj (Walker) (see C. bezzuina) 
tncgaccphala (Fabriems), 3U 
rufifacies (Macquart) (see C. atbi- 
ceps) 

Chrysopidae (Neuropteta), 21 
C/irysops Jfeigen, 6. 262, 233, 264. 271, 
276 


Chaoboridae, 135, 151, 159 
CAaobonu Lichtcnslcm 
Chaobonis lacitslns Freeborn, 151 
Chapm. C. W., 6 
Chapin, R. M, 418, 419. 469 
Chapman, R. N., 14 
Charbon ($eo Anthrax) 

Cheese mite (sec Tyroglyphus siro) 
skipper (Fiophilidae), 315 
Cheloaethfda, S4 
Cheshire, F. R.. 499. 801 
Chevril, R., 348 
Cheyletidac, 478, 491 
Chickaree (see Sciurus douglash olbo- 
b'mbalusi 

“Chigger” (see Fulrombtcula alfreddu- 
gesi) 

Chiggers (mites), 36, 492-494 
life history, 493-494 
Chigoe flea. 381, 410-411, 418 
Chilomastix Alexeieff 
Ckilomaslix mesnili (Wenyon), 299 
Chilopoda, 30. 53S-539 
Chimpanzee, 105 
Chinchdn, Countess de, 196 
Chinoplasmin, 212 
Chironomidae, 135, 147, 149-150 
Chironomus Meigeu 
Ckironomiis plumosus Burrill, 160 
Chloropidae, 136, 152-155 
Cklorotabanus Lutz, 275 
Chlorpicrin, 115, 116 
Choanotaem'a Railliet 
Choanotaenia infundibulum (Bloch), 
39, 300 

Cholera, 37, 74, 296 


Chrysops caltida 0. S., 273 
tclcT 0. S., 273 

dimidiata v. d. Wulp, 213, 269, 275 
dsseatis Will , C, 268, 273 
hyalina Shannon, 274 
ixloceo Austen, 269 
Chun, /. W. H., 390 
Chung, Euel-Lan, 110, 455 
Cicada, 50, 68, 85. 543 
Cicadcf/jcfae, 55, SOS 
Cicadidae, 85 
Ctmeceum, tincture of, 613 
Cimex Linn^, 86 


Cime* boueti Brumpt, 86 
kcmiplsms (Fabneius), 86, 89, 82, 1 
fec/iifartus Linn , 25, 31, 85, 86, 93, 2&, 


506, 513 

piloselltu (Horvath), 86, 93 
pipwfrcHi Jenyns, 86 «• - 

tolundalus (Signoret) (see 
hemipterus) 

CtmeropsM List 
Cimexopsis nyctalw List, 93 
Cimicidae, 86-93 


rripedes, 23 

tellus Oken, 41, 462 , /tjfphaid- 

iellus beecheyi heecheyi (Ricbaia 

son). 41, 396, 393, 403 

heacheyi fishert (Merriam), 403401 
ieldingi (Memam), 4W 
:otumb{anus (Ord), 397 

veffonus (Merriam), 4W 

iehardsoni (Sabine), 223 
ellophilus Wagner 
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Dips fConJinucd^ Eehidnopkaga oallinacea (Westw.), 27, 

sodiunL6uoride, 126 411-412, 41S 


tob&cco-sulphur, 483 
Diptera, 36, 44, 68, 13J-380 
classification, 1^^136 
Dipteron mouth parts, 56, 61 
horsefly, 56, 62^3, 68 
housefly, 66, 64, 6S 
louse fly, 64-65, 68 
mosquito, 56, 61-62 
Etablefly, 56, 63 
Dipj/lidium Lcuckart 
DipvUdium caninum (Linn ), 5, 28, 33, 
113, 297, 414 

Dirofilana Railliet and Henry 
DiTofilaria tmmitis (Lcidy), 213, 214, 510 
Dirtas athiventor minor (Osgood), 461 
Disease transmission, 36-41 
cychco*devclopmental, 37-38 
oycJjcO'propagative, 37 
fecal, 33 
hereditary, 33 
mechanical, 36 
propagatn e, 33 

Ditches, maintenance of, 232-231 
Ditebms dynarnite, 232 
Dixidae, 135, ISO, ISS 
Dixon, 400 
Doane, R W , 260 
Dobson flies, 60, 68 
Doeophorui Nitssch 
Docophorua cv^i Denny, 124 
icterodea Nitzseh, 121 
Doerr, R., 6 

Dohchopsyllidae, 415, 417-418 
Donat, Fae, 0, 99 
Dorman, S. C , 290 
DoTmttttlOT laltfrcms, 255 
, Dove, W E , 147, 485 
Droeuncufuj Reichard 
Dractineulii* mcdincnaM (Linn), 40 
Dragonflies, 40. 47, 50, OS, 253, 254 
Drainage, M0-2tl 
ealt-mar^h, 234-211 
Drips, oil, 216-217 
Drosophiia, 152, 610 
Duck clubs, 216, 257-253 
Duke, IT L^ 21 
Dunn. L H. 2Sl, 361. 397, 401 
Dutton. J E . 5, 323, 321, 451, 455 
Dj-ar, H G, 139, 111. 163. 174 
Dyer, R E . 399, 400, 437 
Dysentery (relation to hou'eflies), 291 

Earwics. 50. CS 
Fberfhel/n Buchanan 
Khcrf/iefla typ/iow (Zopf), 205 
EcAWnop^aja Olifl 


Echinophthiriidae, 104 
Echmophfhtrus Enderlein 
Eehmophihinia phocae (Lucas), 105 
Ecology, importance of, 14-15 
Ectoparasite, 22 
Ectozoa, 22 

Edwards, F, "W, 158, 159, 161, 171 
Eldebab,26g 
Elephantiasis, 76, 214 
EUenberger, W. P., 448, 449, 469 
Ellis, E. F., 521 
Elson, J. A , 94 
Embiids, 50, 68 
Embioptera, 50, 68 
Kmpuaa mtueae Cohn, 319 
Encephalomyelitis, equine, 7, 221-223 
in humans, 223 
in other animals, 223 
Endamoeba Leidy 
Endamoeba coH (Gmssi), 299 
Auto(p(tca (Schaudinn), 27, 295, 299 
Enderlein, G , 264 
Eodoparasites. 22 
Endoptyergota, 46 
Enicocephaltdae, 102 
Enterohtus Leach 

Enferobtus verminilam (Linn.), 37, 29? 
Entomophobia. 31^ 

Entozoa, 22 

Envenomiaation, 34, 35-36, 503 
Epbemeroptera, 50, 68 
Epteaula sepphinna Maeklin, 511 
(omentosa Maekiin, 511 
Epizootics, 41 

Bpvm eaUfomieva (Ashmead), 505 
Eratynts ntpidalits StAl, 99 
Eremobofes Banks 
Kremobofes /ormicanus (Koch), 638 
/ormidebitu (Simon), 538 
Etetmapoditaa Theobald 
Erelmapoditea ehrvaogaater Graham, 
218 

ErutolfS Latrcillc 

ErtsMia tenoz (Linn), 316-318 

Ethylene dichloride, 5^ 

ErythnneUTa comes (Say), 603 
Escomcl. E,, 628 

EscAericAia (3astel!sni and Chalmers 
EecAmcAw coJ» (Migula), 74 
Esmbcekui Roedani. 274 
E-key, C R, 395, 306, 417 
Essir, E O,. 505 
Estea, W. M, 76, 293 
Eumops perotis cali/omicuj (Mcrriam), 
83 

Eupheibla. 27 
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Euphorbiaceae, 7 

Euprociis chrysQTThota (Linn)* 497. 
510 

Eurygaraons (mosquitoes), 178 
Eurypelma calijomica Ausserer, 512 

:4i 

mooseri Dampf, I4I 
ochraceum Walker, 141 
pecuarvfn (RiJey), 142 
Eutamias sp., 462 
Eutettix tenellus (Bak.), 508 
Eulriatoma Pinto 
Bulriatoma flavida, Pinto, 99 
rubrovaria, Pinto, 99 
sordida, Pinto, 99 
Eutrombicuh Ewing 
Eutrombicula alfredduffen (Oude- 
mans), 36, 492 
Evans, A. M,, 142 

Ewing, H. E., 415, 472, 492, 493, 507, 634, 
635, 636, 540 
Eropterygota, 46 

Pabre, P., 602 
Pabricius, J. C., 514 
Paichnie, N , 295 
PaUeroni, D., 3, 180, 182 
Pannta Robineau-Desvoidy 
Ponnta canicularis (Linn.), 286-287, 293, 
348 

scalaris (Fabr ), 287, 293, 348 
Pantham, H B , 5 
Fasciola Linn. 

Poactolo hepatica Linn, 29 
Pans, R , 3^ 

Faust, E C , 14, 146, 213, 410, 495 
Pavus, 109 

Febris gvintana (see Trench fever) 

Peng, Lan-Chou, 110, 455 
Femald, H. T , 17 

Ferris, G. F., 83, 93, 104, 105, 127, 379, 
3S0 

Fever, aestivo autumnal (sublertian), 
196, 199 

biliaiy, of dogs, 423 
breakbone (see Dengue fever) 

Colorado tick, 440 
dandy (see Dengue fever) 
deer Sy (see Tularaemia) 
dengue, 5, 219-220 
mosquito transmission, 220 
dum dum (see Kala azar) 

East coast, 450-451 

five days’ (see Trench Sever) 

jail (see Typbus) 


Fever (Continued) 

Japanese flood (Tsutsugamushi fe- 
ver), 41, 494 
jungle yeffow, 218-219 
Kedani (Tsutsugamushi fever), 431 
oroya, 41, 145 

Pappataci (Phlebotomus), 6, 38, 145 
quartan (see Plasmodium malanae), 
196 

quotidian (malaria), 196 
relapsing (see Relapsing fever) 
Rocky Mountain spotted (see Pody 
Mountain spotted fever) 
sand-fly (Pappataci fever), 5, 3S, 115 
splenic (see Texas cattle fever) 
spotted (see Spotted fevers) 
"squirrel” (California relapsing fe- 
ver), 456 

subtertian, 196, 199 
tertian, 196, 199-200 
Texas cattle (see Texas cattle fev'cr) 
three-day (Pappataci fever), 5, SS, 
145 

"tick” (see Rocky Mountain spotted 
fever) 

trench, 112-113 
tsutsugamushi, 494 
typhoid, 37, 295 
typhus (see Typhus fever) 

Volhyuian (Trench fever) 112-113 
yellow (see Yellow fever) 

Fibiger, J., 76 

Figley, K. D , 36 

Filarta Muller . . 

Filaria bancrofii (Cobbold) (fee 
cherena hancroftt) 
ha (Cobbold) (see Loo ha) 

Fdariasis, 2, 38, 75, 212-214, 269 
Filariidae, 40, 212 
Pinky, C J., 3, 215 
"FlagelJosjs,” 7 „ 

Flea, 4, 13, 15, 25, 50, 69, 111, , 

Asiatic tat (see Xmoptyllo 
cat, 412, 414, 4IS 
chigoe, 3S1, 4111-411, 418 
classification, 414-419 
digestive tract, 384 
dog. 25, 113, 387, 412. 414. 416 
European rat (see Noscpsylhs j 
tui) 

household, 412-414 
human (see Fulex xrnians) 
intermediate hosts of cesfodcs, 
life history, 3S4-3S6 

Oriental rat (see 

(ml plague tnmsmission, 390-8 
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Flea (Continued) 
rat. 25, 111, 39(W9C. 399, 409-^10 
rodent, 397-398 

"sand flea” (see Tvnga penetrans) 
(on) ships, 409-410 
sticktight, 27, ill-412 , 418 
western hen, 412 

Flesh flies, 37, 43. 136, 289-291, 348-353, 
356-360 

Fletcher, J , 339 

Flies, 1, 2, 50, 68, 133-3S0, 644-547 
bal,3S0 

black, 135, 137-143 

blow (see Blowflies) 

bluebottle (see Bluebottle fly) 

bot (see Botflies) 

buffalo (see Lvperosia ext^a) 

cheese, 345 

cluster, 2S8 

crane, 135 

deer (see Deer flies) 
drone (see Ernlahs tenax) 
eye, ISMSS 
flower, 136 
‘7orest-fly,’' 378 
Int. 136, 152 
fungus, 319 
snd. 0. 262, 265 
Olossina (see Tsetse flies) 
greea-bottle (see Green-bottle flies) 
greenbead (see Horseflies) 
heel (Hppoderma), 385-370 
Hippetatea, 152-155 
hom, 320, 337-339 
horse bot, 136, 360-364 
horseBics. 6, 37. 135, 262-275 
housefly, 1, 278-301, 303-319 
lesser, 286-2S7 
latrine. 2S7 
louse (see Louse flies) 
mango, 269 
moth, 135. 143-147 
natural enemies, 319 
New World sercwworni (see Coehh- 
ompia amencana) 

nose <8<'c GostcropAilus haemorrhoid- 
alu) 

oestnd (o( cattle and sheep), 364- 
372 

PhUbolomua, 41, 144-146 
pigeon, 378 
Papehoda, 143 

®nd (Ccratopogonidae), 147 

rand (Payehodidac, 41, 135, I45-I47 

eertwwonn, 38, 342, 350-353, 350-353 

sheep bot. 370-372 

snipe, 136. 275-276 

•ol'licr, 3t5 


Flies (Continued) 
spider-hke bat, 3S0 
Btable, 13, 56, 63, 67, 68, 268, 201, 320, 
327-^7, 506 

stomosya (see Stomoxpa) 
tacbuia, 

tsetse, 5, S20-327 
tumbu, 359 

warble, 36, 312, 353, 354, 36CW73 
wool maggot, 356-358 (see Flesh flies, 
Blowflies) 

Ftorence, L , 119 
Fliigge, C., 6 

Fluke (Trematods), 22, 29, 39-40 
Flury, F, 502 
Fly cholera, 319 
Fly enemies, 319 

Fly maggots (identification), 342-343 
(ingested, toxic effect), 358-^9 
Folger.A H.. 331 
Foide, R. 5, 323 
Formica major Linn., 542 
ruftt Linn-. 20, 542 
Formicidae, 503 
Fosdiclc. R. B., 225 
Foster.M H, 115 
Powl-por, 283 
For, C, 390. 410 
Frombotsui tropiea (see Yaws) 

Franca, M , 219 
FfaiicM.E,6, 225. 268. 423 
Frans, K , 5 

Freeborn, 8. B, 18, 148. 160. 167, 168, 
173. 177, 178. ISO, 181. 192, 193, 224, 
242, 331. 336 
Fness, C., 545 
Frobisher, M , Jr, 225 
Froggalt, W. W, 358. 496 
Frost, F. Jr, ISO, 181, 102, 193 
Frost. W. H., 332. 333 
Fumigation, bedbug, 00-01 
carbon bisulfide, 402, 404-40$ 
carbon tetrachloride, 115 
cblorpicnn, 115-116 
rlolhiog. 114-125 
h}'droc}'aoie acid, 90-01, I14-1I5 
Jimson weed, 256 
licc (body), 114-116 
methyl bromide, 405-407 
nitrochloroform, 116 
pyretbnim powder, 250 
P^Tofume. 250 
rats (burrowa), 402 
sguiiTcls (ground), 403-407 
aalphtor, B1 

aulpbur dioxide, 256, 403 
Fvndulut diaphanui, 2SS 
dupar, 255 
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Fundulus (Continued) 
heleTocliteus, 255 
majalts, 255 
sitntlis, 255 

Caleb. 0., 76 
Galh-Valeno, B., 27 
Galumna, 39 

Gallfly (Hymenoptera), 50 
Gambusia affinis (Baird and Girard), 
254-256 

Carman, H., 265 
Gamham, P. C. C., 225 
GasterophiUdae, 136, 342, 360 
pathogenesis, 364 
treatment, 364 

GasterophiUdae as human parasites, 3&4 
Gasterophilus Leach, 136 
egui {Fabr ) (see G. trUestimlis) 
haemonhoidahs (Linn.), 360, 362, 
364 

tnermts (Brauer), 360, 363-364 
inteaitnoiis (DeCeer), 36, 342, 360- 
362, 363, 364 

nasahs (Lmn ), 360, 362, 364 
peconm (Fabr.), 364 
veterinus (Clark) (see O. tiosolts) 
Gastiaburu, J C , 156 
Gastro-inCestinal diseases (m relation 
to houseflies), 295-296 
Gaurax araneao Coq. (sec Pseudogau^ 
rax signata) 

Gelastocondae, 101 
Geophilus I/cach 
Geophiliis electncus (Lina ), 539 
pho$phoTeus Gervais, 539 
Gerbille, 397 

Genhonoius scmdcauda ioebbii 
(Baird), 526 
Gerridae, 101 
Gtardia Kunstler 
Gtardia lamblia Stiles, 299 
Gigantorhynchus Hamann 
Giganiorhynchus gigas (Bloch) (see 
Macracanthorhynchus hirudina- 
ceus) 

Gilbert, E. )V., 525 
Gilbert, Q. 0., 344 
Gill, C. A., 296 

Gmsburg, J. M., 242, 243, 253, 261 
(3juliia. C. M., 16d 

Gliptocranium gasleracanthoides Nico- 
let, 528 

Ghricola Mjoberg ^ 


Glosstna (C^onttnucd) 
cahfTinea Aust., 327 
iusca (Walker), 327 
var. conpoleJisis Newst. and Evans, 
327 

fuscipleuria Aust , 327 
hamngtoni Newst. and Evans, 327 
longipalpia (Wied ), 326, 327 
longipennie Corti, 327 
medtcoTum Aust., 327 
morsitans Westwood, 2, 5, 320, 323, 
326, 327 

var. pallida Shircore, 327 
var. paradoxa Shircore, 327 
nigrofusca Newst., 327 ' 
palhcera Bigot, 327 
pallidipei Austen, 326, 327 
palpalis (Rob.-Desv.), 5, 320, 321, 
325, 326, 327 
var. maculala Newst , 327 
var. ivellmani Austen, 327 
subsp. juscipes Newst, 327 
schwetei Newst. and Evans, 327 
severini Newst, 327 
submorsitons Newst , 327 
$wynnertoni Austen, 326, 327 
iabamformis West, 327 
tachinoides Westwood, 320, 326, 327 
Gnat. 133-155 

black, 135, 137-143 ' 

control, 142-143 
buffalo, 135, 137-143 
southern (see Eusimulium prctin* 
rum) 

chaobond, 351 ^ 

cholera (see ffimulium occidentaie) 
Columbacz, 142 
eye, 153-155 
Hippelates. 152-155 
turkey (see Simulium occidenlaiei 
Gobiidae, 255 
Goldberger, J , 140, 490 
Golden orb weaver, 537 


;i, C, 197,200 

gylonema Mohn, 77, SO 

y.v Tif^T.n f,n re ation to can- 


iiocolee Njtzsch 
xiocoies abdominahs Piaget, 
jTupar Nitzsch, 125 
firysocephalis Giebel, 12o 
dogaster Nitzsch, p4 
xtangulatus Nitzsch, 125 
itodes Nitzsch 
uodes colchiivs Denny, 125 
itnicornis Nitzsch, 125 
Nitzsch, 121 
Icicorma Nitzsch, 125 
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Gontodcs (Continued) 

7nmtdianus Denny, 125 
sti/UjeT Kitzsch, 122, 124 
Goniops Aldrich, 263, 274 
Gonotrophic dissociation, 181 
Gorgas,W. C,227 
Graham, G. M., 455 
Graham, 5, 220 
Graham-Smith, G S , 152, 153, 293 
Grasshoppers, 50, 6S 
Grassi, B , 3, 13. 181, 198, 300 
Gray, H. F , 192, 260 
Graybill, H W., 426, 444, 445, 449 
Green soap, 474, 477 
Green-bottle fly, 289, 290, 348 (see Flesh 
fly) 

Gnffitts, T. n D , 187 
Grubs, 43, 78 
cattle, 365-370 
Grunberg, K , 321 
Gri/llus domesticus Lirm , 542 
Gudger, E. W., 548 
Gumea worm, 40 
Gundcl, M , 548 
Gulberlet, J E, 300. 301 


OyTopue ffracilu Nitisch (see Gltneola 
foreelh) 

ovalia Nitzsch, 122, 129 

tfabronema Diesmg 
Ilabronema muscae (Carter), 299 
Habrcnemiasis, 299 
Uackett, L W., 3. 180, 181, 182 
IladruTus Thorell 
Hodrunis ortccus Pococh, 535 
hiTsulus (Wood), 31. 535 
Iladwen, S, 375,411 
Haeckel, E. II , 14 


//ocmapApjalw dnrujbanna Koch, 440 
icncAi (Audouin), 429, 451 
ItpoTu.palutina (Packard), 429, 437, 
410 

llaermitobia Uobineau-Desvoidy 
Hecmatobia smolo R -D, 221, 337 
Iiacmatomyiidae, 105 
llecmatomyzua Piaget 
Heemaiomytua eUj)Kiintii Piaget, lOS 
lioernalojnnui Leach, 119 
//oemafopinuj ojjni (Linn), 120 
euT/iJcmtu Nittxh, 119 
WdCTocep^olus (Burm.) (see //. on'ni) 


Hatmalopinus fCon(iniicd) 
auts (Linn), 105, 110 
uuu$ Nitzsch, 119 
Haematopintdac, 105, 119 
Haematopola Mcigen, 263, 274 
Haemaloaxphon Champion, 86 
Haemalosiphon tnodora (Duges), 86, 
92 

Haematozoa, 220 
Haemodtpsua Enderlein 
Haemodipsus ventneosus (Denny), 120, 
26S 

Haemoproteus Kruse 
Haemoproteua eolumbae Celli and San 
Felice, 221, 379 
lophotlyi O'Roke, 221, 379 
Haemospondiidea, 19S 
Hahrachne atlenuata Banks, 491 
Hale. W. C, 290 
Hall, D G . 147, 155, 301, 373 
Hall, M C . 39, 70. 95. 120, 127, 128. 3 16, 
347, 364 

HaU. W. W, 524 
lIomadTjfM, 105 
onltopa (Linn ), 510 
Hamlyn-Hams, 255 
Hanng, C. M , 221 
Hermotito prandu (Riley), 4S9 
HttTpagomvio de Meijere, 165 
UamsoQ, L , 131 
Harvestmen (see Phalangida) 

HarvcKXI. P. D, 345 
Easseltme, H. E., 409 
Hausbalter, F,. 298 
Hayne, 3. B^ 243 
Hearle, 369, 370, 430, 431, 441 
Heartwater, 452 
Heartworm of dogs, 213, 214 
Ilcbndae, 101, 102 
Hectopsylhdae, 410, 414, 415, 418 
Hcgh. E . 255. 320 
Heim, F . SO 

lleliothnps tndicus Bagnall, 508 
Hellebore, 311 

IlcImiDth^ Arthropods as intermediate 
hosts of, 39^0, 76-77, 80-81 (see 
worms) 

Ifemiderma perapictllalum azteeun 
(Eauss ), 462 

//emtfeuco maia Drmy, 509, 510 
dttnae Cockerell, 509 
Hemiptera, 60, CO, CS. 85-102, 508 
Heiniptera-Heteroptera, 50, 85 
Hemiptera-IIomoptera, 50, 63, 65 
IlcBDing, M W- 410, 451, 452 
Utmetui Latrcillc 
Hemeiia iUncent (Lmn ), 315 
Henns, n. P,, 221 



654 


INDEX 


Herras, W. B., 13, 18, 19, 32, 151, 163, Holt, J. J. H 71 

178, 180, 181. 193. 221, 260, 277, 282, Hamalomvia (see Fannia) 

Honey in the treatment of ^\ounds,H 7 - 


450. 458. 471, S4Q 
Herpetomonas Kent, 452, 456, 458 
//erpefomonaa daw'di Lafont, 7 
pj/nkocoTia Zotta et GalU-Valetio, 27 
Hertjg, M., 140 
IlespeToeimex List 
Ilesperocimex colorademis List, 93 
Ilcsperoctenes Kirkaldy 
//espcrocfcncs cuinopa Ferris and 
Usingcr, 03 

^ierm« Ferris and Usinger, 03 
//eterondno Jormosa, 255 
Ileterodoxua Le Soucf and Dullen 
//eferodoxus armifenis Paine (see /fcl- 
erodoxus longitarsua) 

{on^tarsus Piaget, 120 
Heteromctabola, 49 
Heteropoda venatona Koch, 6 , 27 
Hotcropodidae, 627 
Heteroptera, 85 
Hewitt, C. G , 279, 2S6 
Heymons, R., 494 
IhlanmoTpha Schmer, 276 
Hill, H. R . 495 
Hindle, E , 140, 176, 203. 471 
Hine, J. S , 2M, 272 

Hintnan, E. H., 39, 147, 193, 225, 253, 
490, 520, 649 

lltppelates Sabrosky, 152 
HippclaUa flavxpea Loew, 153 
mtidtjrona Malloch, 153 
pallipea Loew, 153 
pusto Loew, 152, 153, 194-155 
Hippoboaca Linn., 378-379 
Hippoboaca camelina Leach, 379 
capensts v. Olfers, 378 
eQutna Linn., 378 
Julva Austen, 378 
hiTsula Austen, 378 
maculata Leach, 378 
rufipes V. Olfers, 378 
atruthionia 0. E. Janson, 378, 379 
Hippoboscidae, 23, 93, 376-380 
Hirschfelder, A. D., 115 
Hirst, S , 4S5 
Hirudinea (leeches), 29 
Sirudo medictnofts Linn , 2'. 

Sisette, J., 140 
Histendae (Coleoptera), 79 
Hodge, C. F., 283 
Hoeppb, R f 344, 348 
Hoffman, W A , 147, 177 
Holometabola, 49 
Holsendorf, B. E , 420 
Holstein, G. W., 367 


548 

Hooker, W. A, 422 
Hookworm (see Ancyloaloma duo- 
denale) 

l/oplopspllua Baker, 388 
Hoplopayllua anomalua Baker 
Hornets, 603 
"Homs of scarabaei," 542 
Horseflies, 6 . 37, 135, 26^.275 
anthrax (relation to), 265-266 
breeding habits, 264-265 
control, 269-270 
El debab (relation to), 269 
illanasts (relation to), 269 
surra (relation to), 2^268 ' 

tularaemia (relation to), 268-269 
Horvath, 0 , 102 
Hoskins, W. M , 165, 290 
Houseflies, 1, 27S-301 
breeding places, 2S2-2S5 
control, 303^10, 315'31S 
flight range, 285 
life history, 281-283 
longevity, 285 

(as) vectors of pathogens, 291-301 
Howard, L. 0., 2, 3. 85. 87, 162, 176, 227, 
252, 254, 256, 270. 279, 296, 298, 319, 
620 

Howe, L., 296 
Howell, D. E , 452 
Hewlett, F. M., 301 
Howitt, B.. 221, 226 
Hudson, N. P., 4. 18, 218 
Huff, C. G., 37, 201, 221, 380 
Huie, P., 293, 295 
Bull, J-. B , Idr 

Hunter, W. D.. 17, 422, 434, 435 
Hurlbut, H. S , 193 
Hutchinson, R. H., 117 
Ifj/alomma Koch, ^ 8 , 432 
ffvaiomma aegypiw^ (Linn.), 

' .. 452 

K)- 

91, Ui~iio 
Hydrometndae, 101 
HymenoUpis Weinland jqj 

Hpmenolepis canoco ’ 

diminuta (Rucfofpiri» 
nana Cv. Siebold), 49 s 

HymmopUra 50, «, 

Hvpoderma Latreille. 3^> „ 342 , 

nZoipnna bopti DeGeer , « 

353, 354, 355 , SSMM 373 ^ 

Unealo fde ViUers), 353, 360-^ 
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Hystnchopsyllidae, 415, 419 
Hypopus (see Tyroglyphidae) 

Imes, M„ 127, 377, 468, 483 ' 

Impetigo, 5 
tropical, 110 

Indian Plague Commission, 391-395 
Infantile paralysis, 331-336 
Insecta, 30 

Insects, biting, piercing, 505-508 
stinging, 34, 498-506 
use m medicine, 542-549 
vital losses due to, 17 
Intestinal protozoa (fed to flies), 299 
Irbisia solani (Held ), 508 
Irrigation (in relation to mosquito con- 
trol), 234 
Irving, W G,536 
Ischnocera, 1^ 

Iscbnopsyllidae, 415 
lichnoplera Burmei'ter 
tichnoptera pennsyivanica (De G), 73 
Ischnuridae, 534 
Isoptera, 50, 68 
Itcb, copra, 491 
grocer's, 490-491 
Human, 473-474 
treatment, 474 
straw, 489 

Itch mites (see Mange mites), 36, 472- 
479 

hodei Latreille, 426, 429, 429 
Ixodes hexagonus Leach, 429 
koloegclus Neumann, 441 
Ticfnua (Linn.), 426, 429, 442, 451, 452, 
528 

ri«nt« var. eahfoTnicvs Banks, 429, 
440, 442, 528 

Ixodidae, 423, 424, 42S-453, 528 
Ixodiphagvs eaueurlei du Buysson, 439 
Ixodoidea, 422-46S, 528-532 

/onJlimojoina Lynch Arribalzaga 
/onthinojorna hitsii Theob. (see Psoro- 
phora) 

Jalnpa boJiacanlAo, 41 
Jaundice, infecUoas, 218 
Jeliison, W. L , 422 
Jenka, G. E , 627 
Jepson, F. P.. 296. 301 
Jerboas, 41 
Jimwin weed, 256 
Jobling, B, 69, 74, 454 
Johannesen, A., 523 
Johannuen, 0. A, 160 . 155 
Johns, T. M., 198. 202 
Johnson, E. P., 141 
Jordan. E. 0, 295, 296, 417 


Jorge, R., 4, 396 
Joubert, 7 
Joyeux, C , 102 
Juba nemorensis Koch, 538 


Kadner, C. G , 379 
Kala azar, 89, 145-146 
Kampmeier, R. H , 496 
Kaston, B. J , 527 
Keay,G, 493, 494 
Ked, deer, 378 
sheep, 376-377, 423 
Keilm,D,23, 28S 
Kellogg. V L , 122, 127, 624 
Kelly, F.L,435 
Kelser, R A , 7, 221, 222, 223 
Kerosene, 106, 121 
Kessel, Q C,380 

Kilboume, P L , 2. 38. 445, 446, 447 
King, A F A , 197 
King. H.H.Sll 

King, W V , 187, 205, 207, 253, 261 
Kinghom, A , 5 
Kirzner, A-, 146 
Kishman, K V , 156 
Kissing bug (see Conenoses— Bedii* 
viidae) 

Kilasato, S , 389, 390 
Kitchen, S F., 644 


KUbsxelta Trevisan 

KlebsteUa parofylica Cahn, Wallaee, 


Thomas, 431 

Knipling. E F , 360. 361, 363, 364, 366 

Knowles, R , 146 

Knowlton, G. F , 222 

Kobert. R , 524 

Koch, C L , 426 

Koch. R. 3. 454 

Kofoid. C A . 6. 99 

Kohls, G. M , 422, 440 

Komp.W n W,212 

Knggsman, B. J , 341 

Krober, O., 264 

Kumm, H W , 152. 153, 154, 157 
Kunze, R E , 642, 543 
Kusch, E , 544 


Laake. E W , 127, 130, 352, 366. 374 
Lacaillade. C. W., Jr, 222 
Lacewings, 50, 68 
IflchnoJtemo arcuata Smith, 81 
Lafont, A, 7 


Lake.G C.2CS.277 


Lai. R B, 296 
tominojioptei M^gnm 
taminonoptes eysltcoh (\ifioli), 491 
Umsoo. G n . Jr, 81, 120, 122. 130 
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Laager, J., 502 

Larkspur, tincture of, 106, 107 
Larrousse, F., 439, 451 
Lari'icides, 241-244 
Lasiocampa. quercus (Linn.), SIO 
Losius (Forraicidae), 20 
Lathrodeclus malrmgnathtts var. tropica 
van Haaselt (see Lalrodectus mac- 
tana) 

LatreiUe, P. A , 426 
Latrodectua cpicaKs Butler, 514 
dalalus C. Koch (see Latrodectua 
maetana) 

insularis Dahl, (see Latrodectua mac- 
tana) 

lugubris, 524 

mactans (Fabr.), 31, 514-527 
malmignathua var tropica van Haas- 
elt, 514 

perfidus Walck (see Latrodectua mac- 
tana) 

Laurel (see IJmhellularia caltfomica) 

Laveran, C L. A , 2, 197, 340 

Law, J., 476, 477, 481 

Lawson, P, B., 517 

Lazear, J, W., 3, 215, 216, 225 

Leafhopper, 50, 85 


Leptomonas davidi Lafont, 7, 27 
Leploapira Noguchi 
_ Leptospira icteroidea Noguchi, 218 
Leptopsylia Jordan and Rothschild 
Leptopsylla musculi Dugea (see Cten- 
opsyllus segnia) 

Leptus LatreiJIe 
Leplua irrifoJM Riley, 492 
Lepus, 462 

Lepics bairdi Hayden, 398 
Lelkocerus, 507 
americanus (Leidy), S6, 50S 
heucocytoioon Danilewski, 141 
Leucocyioiobn anaiis Wickware, 6, 141 
smithi Volkmar, 141 
Leucotabanus Lvtz, 275 
Lewis, D. G., 180 
Lewis, D J., 322, 323 
Lice (see Louse) 

Lillie, R. B , 268 
Limacodidae, 510 
“Limbemeck,” 358-359 
Lime sulfur, 377, 476-476, 477, 4S3-4S3 
Lxmnophora, 354 

Limotkrips cerealium Haliday, 608 

Linguaiula Frolich 

Linguatula rhinaria Monies (see Itn* 


Le Conte, J L , 95 
Leech, medicinal, 29 
Leeuwenhoek, Anton van, 2 
Leidy, J , 294 
Leiagnatkus Canestrini 
Leiognathua baeott Hirst (see Liponys- 
aus baeoti) 
helper, R, R , 6, 269 
Leiperia gracilis (Diesing), 495 
Leiahman-Donovan body, 89 
Leiahmania Ross, 7 

Leiskmania donovani (Laveran and 
Mesnil), 145 
tropica (Wright), 146 
Leishmaniasis, 145 
cutaneous, 146 
Lemann, J., 224 
Leonard, M. D., 275 
Lepidoptera, 43, 60, 67, 69. 263, 509, 510 
Le Prince, J. A., 18, 187, 227, 246. 260 
Leprosy (relation to bedbugs), 89 
Leptidae, 136, 275-276 
Leptini'dae, 83, 84 
Leptinillus aplodontiae Ferris, S3 
validua (Horn), 83 
Leptinxis testaceus Muller, 83 
Leptoconops Skuse, 147 
Leptoconops herleszi ICieff , 148 
iorrens Town , 148 
Lcplocoria trivittatus (Say), 508 
Leptomonas Kent 


guatula senata) 
senate Frolich, 494, 495 
Linguatulidae, 494-495 
Lmn4, Carl von, 197, 426 
Ltnognathua Enderlein 
Linognatkus ovillua (Neum ), 120 
pedalia (Osbom), 120 
piliferus (Bunn.), 120 
slenopsis (Burm.), 120 
w'luK (Linn.), 105, 119 
Liotheldae, 122 

Lipeunta Nitasch , . 

lApeurua bamlus Nitz^ch (see Columbia 
cola columbae) 
caponis hinn , 12i 
heterographus Nitzsch, 124, 12o 
numidae Denny, 125 
polytrapegiua Nitzsch. 121 
squalidus Nitzsch, 124 . 

^Tiabilti Nitzsch, la, 121 
caponis) 

Liponyssus Kolenati ,ca 

ii^njlsras baeoti (Hirst). 485-IS6 

bursa (Berlese), 488-459 
nagayoi Yamada, 485 r-niaeo), 

silviarum (Canestrmi and Fan? g 
489 

Lipopiena Nitzsch _ 
lApoptena cervt (Linn.), 37S 
depressa (Say), 3^ 

/errisi Bequaert, 377 
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Lipoptena (Continued) 
mazamae Rondani, 378 
jubulatfl Coq. (See Lipoptena /erriri) 
Liquoj cresolis compositus, 414 
List, G. M., 86 
Liston, W. G , 4. 390 
Lilhosta cantola Hbn , 510 
Qnseola Hbn , 510 
Livingston, S K , 615 
Livingstone, D , 320, 454 
Lizard, San Diegan alligator, 526 
Loa Stiles 

Loa loa (Cobbold), 6, 213, 269 
Locusta ajricanue, 542 
Long, J. D , 405 
Longfellow, R. C , 44, 74 
Longirostrata, 428 

Lophorlyx califormea eahjamica Shaw, 
379 

Lord, F. T, 298 
Lounsbury, C P , 450, 451 
Louse, 5, 13. 22. 20, 50. 68. 104-130 
ape, 105 
ass, 120, 127 
bitme. SO, 68, 12M30 
body, 6, 105, 108-109 
cat, 129 

cattle, 105, 119, 120, 122, 127 
chimpanzee, 105 
"crab,” 105, 107-108 
deer, 130 

dog, 6, 39, 113, 120, 129. 414 

elephant, 105 

Boat, 120, 129 

gorilla, 105 

guinea pig, 122, 129 

head, 105-106 

horse, 120, 127 

human, C, 105 (see Body louse and 
Head louse) 
f>anearoo. 129 
llama, 130 
monkey, 105 
mouse, 269 
mule, 120, 127 
Pacific walrus, 105 
l>oultr>'.26. 60, 6S, 123-127 
pubic. 105. 107-103 

rabbit, 120 

*cat, 105 
"heep. 120. 128 
»upfcinc. 50, 08. 104-121 
s^ine. 105, 119 
lacnmi^, relation to, 113 
l^U'e flirs, 67. 61. 93. 221, S78-3S0 
of birds, 221,378 379 


Luconta para, 255 
Lucanidae, 68 


S46 

eericata (Meig), 290, 342, 343, 344, 
356, 358, 546 
tyltMTum (Meig ), 290 

Lumbneus terreslns Linn , 29 
Lycoza tarenlula (Lmn.), 512 
Lycoaidae, 512 
Lygaeidae, 102 
Lymantiiidae, 510 
Lynekta Weyenbergh 
LvncAui amen’cena (Leach), 379 
fuaea (Maequart), 379 
htrauto Ferns, 221, 37® 
tnoura (Bigot), 65 379 (see Picudo- 
lynchia eanartensit) 
l.yperozia Rondani, 340 
Lypcrozia exigua (de Meij ), 339 
tmtans (Linn ) Uee Haematobia ter- 
rata) 

Lytla ventatona (Linn ), 83, 497, 610- 
$11, 543 

hfaeaca, 105 
A/ec«cua> 105 

MacCallum. W. C , 3. 13. 197, 220 
McCalla, L, P, 435 
McCaw. W D.215 
McCoy. G W., 6, 357,396 
McIntosh, A , 431 
McIvor.B C.462, 6i0 
Mackenna, F S , 547 
Mackie, A B , 407 
Mackie. F P. 6. 110 
McNceLT E.253 
Macracanthorhynehus Travassos 
AfacrocantAorhvncAuJ hfrudinaceui 
(Pallas). 40, SO 

Maerodactylui eubspinozus (Fab ), 81 
Macropaytlidae, 415 
AfacrotAvIann ruht (Lion ), 510 
Madsen. D. E , 222 

Maggot, bloodsucking, of birds, 359-360 
Congo floor, 359 
head, of deer. 365. 372 
bead, of horses, 372 
bead, of eheep, 36, 365. 370-372 
identification. 342-343 
production of atenJe, 546-547 
stem, 152 
mii^enl, 515-547 
trap. 309. 310 
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Maweaium sulfate tor cmenose bites, 

MataraBus Jordan 
Ma^razus telckinum (Roth ), 39s 
Malaria, 1, 2, 3, 14-15, 181, 195-212 227 
aestivo-autumnal. 199 (see Plalmo- 
atum falciparum) 

‘’‘'''‘‘'■‘‘J’ experiments, 

‘■^Anophelisia without,” 181-182 
bird, 220-221, 379 
carryicg anophelines, 208-209 
CeyloQ epidemic, 14-15 
control (see Mosquito abatement) 
cost, 17-18 

historical, 1, 2, 3, 12, 198-198 
ladex, 211 
mortality, 259 
quail (see Bird malana) 


quartan. 196 (see Plasmodium ma- 
lanae) 

quotidian, 196 

subtettian, 196 (see Ptatmoduim lot- 
ciparum) 
surveys, 209-210 
temperature, effective, 207 
tertian (see Plasmodium xnvax) 
therapy in arthritis, 545 
therapy of paresis, 544-645 
transmission, 37 
treatment, 210-212 
Malignant jaundice of dogs, 429. 431 
Mallis, A., 504 
Malloch, J. R , 153 


bovine, 477 
canine, 477 
chorioptic, 479-480 
equine, 476-477 
follicular, 484-485 
foot and tail, 478-4S0 
notoedric. 477-478 
swine, 474-476 

Mange or itch mites, 472-480 
Manson, P.. 2. 3, 197, 198, 213, 224, 269 
Manion, P. T., 198 
Marnonella Faust 

Afonsoneffa ozzardi (Manson), 14S, 212- 
213 

AfoTWonta Banchard, 189 
Afansomo afncana (Theobald), 218 
peHurbans (Walker), 166, 253 
Mansonioides Theobald, 189 
Manure, in relation to houseflies, 282- 
284, 305-312 
bins, S06-S08 


Manure f Continued) 
chemical treatment of, 310-312 
close packing, 309 
composting pits, 308 
maggot trap, 309-310 
Marchand, W., 264 
Marchom, E., 6, 465 
Marett, P. J,, 147 
Marffaropus Karsch, 428, 431-432 
Margaropus annulatus Say (see Boopk. 
tins annulatus), 442 
vnnthemi Korsch, 432 
Marlatt, C. S8 
Marmot, 397 

Marmota fiaviventer fiaviventer (And 
and Bach.), 398 
Martin, C. J., 394, 395 
Martin, E. D , 491 
Martin, M., 122 

Martini, E., 8, 15, ISO, 182, 502, 606 
Mason, C. J,, 76. 293 
Mastigophora, 323 
Mastigoproclus Pocock 
Mastigoproetus giganteus (Lucas), 536 
Mastomys coucka (A. Smith), 397 
Matheson, R , 185, 192, 193, 461 
Maurer's dots, 199 
Maver, M B., 436, 437 
“Maxillary mdex” (of anophelines), 181 
Maxwell. J. A, 410 
May flies. 40, 47, 60, 68 
Mayne (Mitzmain). M. B, 6. 167, 187, 
188, 205, 207, 208, 266, 267, 268, 272, 
329. 330, 331, 385, 386 
I Mayo, N. S., 475, 476 

Meal worms (in relation to cancer), 40, 

77 

Mease, J., 445 
Mecoptera, 60, 68 
Megalopyge crispala Pack., 510 
opercularis S. and A , 509 
Megarhinini, 159, 165, 189 

Afegarkinus Robineau-Desvoidy, 161, 

189 

Afegarkinus inorpatus Walker, 159, 169 
rutilus Coq , 169 

seplenlnonaha Dyar and Knab, l63 
ifehnta liberCina, 23 
Melanin, 196 

Metmolesles St51 . . « t / 

Afelanolestes picipes {Herrich-SenaC'* 
fer), 94, 100 

Meleney, H. E , 223, 345 
Afeltlalus alu'ssima, 181 
Mellanby, K, 417 
Melnikoif, K , 6, 414 
Meloidae, 83, 84, 497, 51(^11. 5i3 
AfelotontAo melolontka (Lmn /, « 
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Mehfhagus ovinus (Ljnn ). 65, t 
Membracidae, 85, 503 
Afenopon NiUsch 
Menopon bUcnatum Piaget, li3 
fulvo-maculatUTTi Denpy, W5 
numidae Giebel, 125 
palhdum Uitzscb, 26, 122, 1-2 
pAoeosJomun* l^ilzscb, 125 
({ton Piaget, 26 
Menthol (lor ticlc bites), S32 
Mercurialis, 1 
Mercuric bichloride, 91 
Merrill. M.H, 222 
Merriraan, G , 361 
A/esembntielia, 289 
Mesnil, P., 310 
MesoveUidae, 102 

JJestOT Kirkaldy _ „ 

Mettor mepulus IBmm 1. 6, 94, 97, 90 
Metastigmata, 426 
Metastnata, 42S 
Method, experimental, 12-14 
Methyl bromide, 405-407 
Melopiidae, 136. 278. 289. 342, 344. 359 
Meyer, K. F , 221. 398, 399. 456 
Mickel.C,E.505 . ^ 

Afiero/itarta Cobbold, 2l3, 214, 269 
A/terej?I<i«‘d diurna Mansoa (see Loa 
ioa),269 

A/iero(«* montehelU Sado. 404 
Midges. 135, 149-150 
bilmg, 135, 147-149 
Diia. 135. 160 
owl, 135, 143 
Milam, D F,54» 

Miller, A.F., 493 
Millipedes. 30, 539 
Milne, A.B.S, 454 
Miranda aurantia (Lucas), 527 
Miridac, 162, 508 
Missiroli, A . 3, ISO, 182 
Mites. 51, 472-494 
air-sac, 491-492 
akamushi, 494 
auricuKr. 453-481 
canary bird, 489 
cat. 48 1 

cattle, 477. 482, 491 
cheese, 490 
chipccT, 30, 492-104 
deplummp. 479 
dog. 477. 484 
equine, 470 
feather, 459 
flour, 490-491 
follicle, 30, 4S4-485 
toal, 478 


■lites (Continued) 
tmrvestt 492-494 
horse, ^4 
itch, 24, 473-475 
kedatu, 494 
lUma, 478 
louse-like, 489-490 
tnange, 24, 473-4S0 
meali 490-191 
northern (owl, 489 
notoedne, 477-478 
orobatid, 39 

poultry, 31, 478. 48S-4S9, 491 
psoroptie, 480-483 
qniH. 491 
tat, 4S5 

tropical, 485^So 
red, 319 
scab, 480-483 
sheep. 31, 36. 481-483 
scaly lee, 478-479 
swme. 474-475. 481 
tropical (owl, 488-489 
two-spotlcd, 491 
Mitrmam. M B (eee Mayne) 
Mohler, J R . 446 
A/ontcrc R Blanchard 
A/omeria eipanea (Rudolpw), 
A/onoj»yHur i 

Afonopsvii'** cumoijn (Roth ), 
tnston (Baker), 39S 
Monlfite. A. J., 2 
Moore. E 496 

Moore, 3. J , 438 

Moore, W., 109. 11^116 
AforbuJ crronjtn, 109 
Morgan, T. H-* 4® 

Monshita. K., 99 
Morpko herculei Daltn . 509 
M<r«cowita. A , 117 
Hoot, to, 1. >«• 
a^temcat, 227-260 
drainage. 230-239 
c^atials of, 230 
filUng low areas. 239^10 
historical. 3,^7 
inspections, 229--30 
maintenance. 2^ ^ 

mis and larvicides » 

Pans preen. 24J. 

TvcTSonncl. 228 

WUo„nh.K7 !3«11 

earcHust oiled. -15 
anthropophilic. IW 
\a\c*, treatment. .50 
blimp habiU (Anorhehn'l. 
breeding habits (Anophehr 


39 

398 


1B7-1«S 
li). 1S3 
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Mosquito (Conlinued) 
classification, 168 - 162 , 189-192 
egg characters, 178-181 
flight habits, 168 
flood water, 172-173 
internal anatomy, 168 
life history, 162 - 1 C 5 
of Anophelines, 183 
longevity, 16G-168 
mating and oviposition, 177-178 
natural enemies, 253-25G 
repellents, 252-253 
salt marsh, 171-172 
snow, I74-17S 
terminalia, 159-162 
tree hole, 109, 171, 173, 180 251 
zoophilic, ICG 
Moth, 43, 50, C9 
Angoumois grain, 489 
brown-tail, 497 
buck, 610 
flannel, 510 
to. 510 

Moth flies, 135, 143 
Mouffet, T., 612 
Mourning cloak, 510 
Mouse, house (see il/uj musculm) 
tnullimammate (see A/astomt/s cou« 
cAa) 

Mouth parts, 4C, 55 
onopluron type, 66, 80-61, 68 
arachnid, 69 

diptcron type. 50, 61-65, 68 
ectognaihous. 67 
entognathous, 67 
hemipteron type, 56, 60, 68 
hymenoptcron type, 67. 66-67, 69 
lepidopteron type, 57, 67, 69 
orthopteron type, 56, 67, 67 
siphonapteron type, 56, 65-66, 69 
thysanopteron type, 56, 58-60, 68 
tick, 423 

Mud daubers, 503, 526 

Muir, J. T., 346 

Mule killers (Miitillidae), 504 

Mulliceps Goeze 

MuUicept mulliceps (Leske), 371 

Mumford, E. P., 373 

Murray, A , 105, 451 

Muridae, 397 

Murrina, 299 


A/ujcmo Robineau-Desvoidy 
Muscidae, 136, 278-2S9. 342 . 344 , 360 
oiooasuckmg, 320-341 
Museina ttahulans (Fallen) 288 
Aluscoidea, 136 
Mutillidae, 504 
Mutualism, 20 
Myers, J. G., 60S 
Myiasis. 34, 36, 133, 342-373 
accidental, 36, 342 
auricular, 342 

cutaneous, 342, 348-350, 352-353 356- 
358, 35^^ 

dermal creeping, 353-355 
gastric, 33, 342, 348-343 
intestinal, 33, 36, 312, 344-348, 358 
nasal, 36, 342, 350-351, 370-372 
obligatory, 360-373 
ophthalmic. 312, 355-356 
otomyiasis 312 

Imumalic dermal, 36, 342, 348-350, 
352 


tirinarj-, 342, 348 
vaginal, 36 

Mylabris nubica de Marseul, 611 
obteelus (Say), 4S9 
fluadn'maculctua (Fabr.), 4S9 
Myabia Heyden 
Myobia ntU Skidmore, 478 
Myriapods, 638-539 
Myxomyia Blanchard, 177 
Myiorkynchus Blanchard, 177 . 


Nabarro, D , 5, 321 

Nabidae, 102 

Nagana, 2, 266, 323, 328 

“Nairobi eye,” Sll 

Napier, L. E . 146 

Naphthalene flakes, 127 

Nasonic bTevicomis Gir. and Sand , 319, 


358 

Naucoridae, 101 

N.CX powder (debusing), 114 

NecatoT Stiles 

Necator amencctnus (Stiles), 297 
Nccrobionts, 36, 342 
Ifecrophorus, 79 
Needham, J. G , 48 
Neff, J. A , 257 

Neiva, A . 94 „ , ■ i 

Nemathelmmthes, 27 (see HetcninfhsJ 


Mus musculus Linn , 3S7, 400 Nematocera, 134, 135 

Afusca Linn. Nematoda, 40 (see Helminths) 

Alusca autumnahs DeGeer, 287 Ifeochrysops Walton, 274 

corvtna Fabr. (see Musca autumnalis) Nevmyeomyia Theobald, 17/ 
dornestica Linn , 39. 279-286, 288, Neopsylla Wagner 
291-301, 303-319, 329, 339, 348 (see fTeopsyUa seiosa Wagner, syj 
houseflies) vwtpina Both , 398 
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Nepidae, 101 
Neotoma, 96, 398 
Neoloma c. cinerea (Ord), 398 
Juscipes macTOtis Thomas, 99 
Neumann, L. G., 426 
Neuroptera, 50, 68 
Newstead, R., 320, 322 
Newton, M.V.B, 374 
Nicholls, E E , 545 
Nicoll, W., 297 
Nicolle, C., 6, 110, 111 
Nicotine sulfate (Black Leaf 40), 127, 
488, 626 

NitrochloTOform (chlorpicrin), 116 
Noctuidae, 610 
Noguchi, H , 145 

“No-see-uma” (Ceralopogonidae), 147 
Nosopsylhis Jordan 

Notopiyllus faiciatw (Bose d’Antic), 
25, 112, 323. 385, 386. 337, 395, 400. 
409, 410, 414, 417. 418, 506 
Noloedrc* RavUiet, 473 
Noloedrei minor var, cati (Henng), 477 
minor var. cuniculi Getlach, 477-478 
murii (Melgen), 478 
Notooeetidae, 101, 507, 503 
Nott, J., I 

Nutlall, G H F , 4, 6, 20, 21, 23. 21. 80. 
89, 107, 108, no, 112, 114, 168, 266. 
291, 296, 298, 426, 423. 441. 453, 454. 
464, 465, 528, 531 
Nutlallia Tranca 
A^uKaffta e(ju\ (Lavmn), 451 
Nyctcribiidae, 880 

Nvgmia pJiocorr/ioca Don , 497, 509, 810 
Nymphahdae, 510 
Nvriuj, 35 

Nyiixis euphorhiac Horvath, 7, 27 
Nywor/ivnc/ius, 190. 191 

Oak, Jive, 173 
valley, 173 

n TT V 


ftemionuj Aemfonui (Rafinrstjuc), 453 
OJonata, 40. 60, C8 
Oeciana Stil, SO 

Occiacuj Jijnindifms (JcnjTis), 86 
i-iranu* Honialh, SO, 03 
Oed/imaffeno LatreiUe. nC5 
Oerfnmasena /nrondi (Lmn ). 370 
OMomcridae. 511 

Oc«lndic, 130. 312, 353, 355. SCO SOU 
372 

Ottlmt Linn, 3C5 


Oestrus ovU Linn , 35-36, 355, 376-372 
treatment of sheep, 371 
Ogata, M , 390 
Oil, bamber, 252 
of cassia, 252 

castor (mosquito repellent), 252 
of citroneUa (fly repellent), 252 
crankcase, 242 

creosote. 149, 311, 353, 460, 466, 526, 
536 

dnps, 246-247 
of lavender, 252 
linseed, raw, 121, 130 
lubricating, 149 
olive, 106 

peppermint (fly repellent), 252 
pine (fly spray), 336-337 
Oils and larvicidcs, 241-247 
application, 213 
power sprayers, 245 
Omlment, mercuric, lOS 
Oieutn formicarum, 513 
Ol/crsta Wiedemann 
Of/cr«a moura Bigot (see Pteudo- 
{ynchia canon'ennsj 
Onchocerca Diesing 

Onchocerca pibjoni Clchnd and John- 
ston. 111 

puKurosa Neumann, HI 
voiuufua (Leuclcart), 6, 40, 140 
Onchocerciasis, 6, 140 
bovine, 141 

Onychophora (Protracheala), 29 
Ophthalmia (in relation to houseflies), 
29S 

Ophthalmomyiasis. 342. 355-356 

Optfex Hutton, 159 

Opiloncs, 61 

Op’sotra^tis Jordan 

O/Msocroatw tubercufeifuj (Baker), 39S 

Orchopeas Jordan 

Orehopeae texdenlalus teidenlalui 
(Baker). 39S 
Orenstem, A J , 18, 2C0 
Oncnlal roach (see Dtalla onen(ahs) 
Oncnial sore. 146 
Ornitkobiui Denny 
OmKko&iua 6uccpAafus Pinget, 121 
Orntckodorus Koch, 38, 453, 456. 4C0 
ortret Matheoon, 4C2 
brodvi Mathc«on, 4C2 
ronoccus Koch, 4GI. 523-531 
(funni Mathr«on. 461 
crrattftn Lurvi, 401 
fccrwi'i Whaler. 421. 425. 455, 450. 400 
eradication of the infection, 460 
life history, 457-400 
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Omti/iocfonw (Continued) 
megnini Duges, 426, 467-468 
treatment, 467 

moubata (Murray), 5, 99, 453, 454, 
460, 628, 531 
normandi Larrousse, 461 
papillipes Birula, 461 
parkeri Cooley, 462 
pavimentosus Neum., 461 
savignyi (Audouin), 100, 461 
talaje (Guerin-Meneville), 456, 461, 
628 

tholozani (Laboulb^ne et Megnin), 
461 

tun'caia (Dugea), 100, 455, 462, 528 
venezuelensis Brumpt, 461 
wheeleri Mclvor, 461, 462 
O’Roke, E. C., 6, 141, 379 
Oropsylla Wagner and Joff 
Oropsylla idahoensis (Baker), 397, 398 
sriantteun (Wagner), 397 
OTthopodomyia Theobald, 189 
Orthoptera, 60, 68, 70, 642 
Orthopterygium huancui, 41 
Orthorrbapba, 133, 263 
Orytoephilus sunnamensis (Linn ), 82 
Osborn, H., 127, 350. 370 
Oscinidae (see Chloropidae) 

Osetnis collusor Townsend, 153 
Osten Sacken, C. H., 264 
Osteomyelitis (maggot therapy), 545 
Otacariasis, 483-484 
Otitis, parasitic, 483 
Otodectes Canestrini, 473 
cynotis (Bering), 483 
Otomyiasis, 342 
Otten, L , ^0 

Pachylomerus audouini Lucas, 527 
Paederus crebripunctalus Epp, 511 
Pahvant valley plague (see Tularaemia) 
Paine, J. H , 129 

“Pajaroello” (see Omitkodoros con- 
aceus) 

Panama larvicide, 243 
Panchlora Burmeister 
Panchlora cubensis Sauss , 73 
Panchloridae, 70. 73 
Panesthidae, 70 
Pangonia Rondani, 263 
Pangoniinae, 263, 273 
PanslTongylus Berg 

PanstTongylus geniculatus (Latreillel, 

99 

megistus (Burmeister), 6 
megisius, Pinto, 99 
Pantala (Odonata), 253 
Pantopoda, 54 


Pappatici fever, 6, 38, 145 
Paragonimus Braun 
Paragommus tcestermom (Keibert), 22, 
40 

Paraplasma Seidein 
Paraphsma flavigenum Seidein, 218 ’ 
Paraponera clavata (Fabr.), 5M 
PaTasimulmm Malloch, 139, 142 
furcalum Malloch, 142 
Parasites, 20-31 
facultative, 22 
intermittent, 22 
obligatory, 22 
transitory, 22 

Parasitism, 20-31 ' 

origin, 25-27 
"Parasitoid" insects, 21 
Paresis, therapy of, 544-545 
Paris green, 248, 258 
Parish, H. E , 350, 352 
Parker, G. H., 345 

Parker, R. R., 301, 397, 423, 433, 434, 435. 

437, 438. 439, 440, 455 
Parman, D. C-, 270, 411 
Passmore, L., 540 
Pasteur, L., 2 
Pcsteurella Trevisan 
Pasteurella pestia (Lehmann and Neu* 
mann), 16, 33, 38, 297, 388, 386, 391, 
396 

luiarenm (McCoy and Chapin), 6, 38, 
268, 440 

Patton. W. 8 , 89, 142, 146, 350 

Pauropoda, 30 . - rno km 

Pavlovsky (Pavlowsky), E. N , 502, 533 

Peach twig borer, 489 

Pearse, A. S , 14, 398 

Pearson, A. M., 337 

Peat. A A , 154 _ 

Pedicinus Gervais, 105 
Pedicinus albidus (Rudow), 105 
ancoraius Ferris, 105 
eurygaster (Bunn.), 105 
hamadryas Mjoberg, 105 
hngiceps Piaget, 105 
obtusus (Rudow), 105 
patas (Fahrenholtz), 105 
pictus Ferris, 105 
Pediculidae, 105-118 _ „ 

Pediculoides ^^90 

ventricoius (Nevrport), 472, 
Pediculosis, 109 
Pediculue Linn. . 

Pediculvs kumanus Lmn , i • 

109-118 23 105-106 

kumanxis .^^n.Ge’er 23. 108- 

kumanus corpont Debeer. 

109 
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Pedioiluj (Continued) 
mjubtrgi Ferns, 105 
echaSi Fahrenholz, 105 
Pedtpalptda, 54, 53ft-537 
Pellagra, UO 

Pcl<?paei/a eab}omicut Sauss , 503 
Peima, H,, 225 

Peanyroyal <fly repellent). 143, 252 
Pentastomida, 64, 4S4-^95 
Pentatoaidae, 101 
Penpa^iw, 30 
Penplcneta Burmeister 
Penplaneta amencana (Lum.), 72, 74, 
76 

oustralasiae (Fabr.), 73 
Peterson, J P , 242 
Phalangida (OpiJones), 64 
Phantom larvae (Chaobondae). 153 
PhanKrw emersoni Girault, 270 
Phasinidae, 35 
Phidippui (Attidae). 528 
Phibp, C. B , 265, 468 
r^iiaemafompio Austen 
PAilaematomyw tnaipaw Austen, 339 
Philopleridao. 122 
Pbaala, C, and M , 602 
rAfebotomus Rondani 
PAlchotomua orpcntjpes Annandale and 
Bniaelti, 143 
t>revifili4 Tonaoir, 143 
chinenata Patton and Hmdle, 146 
enffluht Tooooir, 140 
nopucAij SbanooD, 145 
popafoni Scopoli, 5, 39, 145, 140 
9neenjiond» HiJl, 146 
terffenCi Panot, 14G 
verracarum Townsend, 145 
vexalor Ccq , 143 
PAormia Hobuieau*Dcsvotdy 
rAormia metolhco Town , 300 
Ttffina (Mcig.), 348-350, 357, 646 
Pbtbjnasjs, 107-108 
Phlhinus Leach 
PAtAtrw Nuttall, 105 
PAlAiTM cofillae Ewjng, 105 
pubu (Liaa.), 105, I07-10S 
Pbymatidae. 101, 102 
Phytoparasitcs, 23 
Pierce, W. D, 109, 114, n? 

Pieru rapae (Lion ), C7 
Tuikeye,” 37, 153 
Pinwonn, 37 

PiopAila cwet (Ljnn ), 315 
Piophilidac, 315 
Piper. S. E, 407 
Pimtiaae, 100 
P*>op2a»mrt Palton 
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Ptroplasma btaemtnum (Smith and Kil- 
boume) (see Babesia), 447 
Pjioplasmosis, 445-452 (sec East coast 
fever and Texas cattJe fever) 
eaotae, 451-452 
equine, 451 
PuKeaa, 105 
rkemt (Desm.), m, 217 
Pityriasis, 5 
Fix liquidae, 35S 

Plague, 1, 13, 33, 41, 89, 297. 388-399, 
416, 419 

bubonic, S3, S8S-396 
Commission, Indian, 391-395 
ground aquirtels, 393, 403 
bistoRcal, 4, 12, 3S9-393 
(and) bouseSies, 297-29S 
pneutnonie, 38S 
rodents and control, 400-409 
rodent Oeas, 397-398 
aepticncDic, SS9 
aylvatJc (aelvstic), 4, 396-3W 
tonsibr, 416 

transmission, 38, 393-396 
vectors, 390 
vesicular. 416 
Plant bee, 85 

PfflsmocAin compound, 212 
hj'drochloride, 212 
simpler, 212 
Plasmodia, 198-205 
Pbsznodiidae, 193 

Pfasmodium Marchiafava and Cclb, 22 
34. 106, I9S 
asexual cycle, 200-202 
life history, 200 
sexual cycle, 203-^05 
temperature, effective, 207 
Pfasmodiam cstAcmenum Hartman, 
220. 221 

eJoRpatum Huff, 221 

Jalaparum (Welch), 190, 199, 202, 212. 

541 

maiinae (Laveran), 2, SOO, 212 
orale Stephens, SOO 
jyroecox Blanchard. 193 
praecor Grassi and Fcletti, 220 
rehetum (eoc PI jraeeox Gras<i and 
FeletU) 

WWW (Grasji and Fektti), 27. 199- 
200, 202. 200. 207, 212, 511, 515 
riath, 0 E , 359, 3G0, 374 
Platyhelminthcs, 27 
PIat>|>^l!hbf, 83. 81 
PlalypvjUus coiforw Rttwjna, g3 
Pliwptcni. 40, 50, 68 
Phfa palontca. 100 



676 


ITOEX 


Ross, I. C., 442 
Ross. P. H., 5, 454 
Ross, R, 2, 3, 13, 197, 199, 200. 202, 220 
227 

Rotenone, 453 
Roubaud, E , 181, 299, 359 
Roundworm of man (see Ascaris turn- 
bricoides) 

Rove beetles (Slaphyhnidae), 78. 79 

Rovelli, G., 300 

Rowe, J. A., 222 

Roy, D, N., 152 

Rozeboom, L. E.. 99, 181, 183 

Rucker, TV. C, 387 

Rumreich, A., 420, 437 

Russell, P. F., 182, 212, 224, 225 

Russo, C., 298 

Sabrosky, G. W., 152 
Saceulina carcim (Rathke), 23 
Sacha, H., 524 
Saldidae, 102 
Salirobenl, A. T , S, 461 
Salmon, I). E , 445 
Salmonella Ligaikees 
Salmonella paratyphi (Kayser), 295 
Sambon, L. TV., 3, 40, 16, 77, HO, 198, 
494 

Sanarelli, G., 218 
Sanders, D. A., 451 
Sarcobmnts, 36, 342 
SarcQphaga Meigen, 345 
Sarcopftoffo camaria (Lmn.), 293, 298 
haemorrhoidalis (Fall.), 291, 342 
Sarcophagidae, 136, 278, 289, 342 
Sarcopsylla TVestwood 
Sarcapaylla penetrans 
Tunga penetrans) 

SarcQptes Latreille, 473 
SarcQptes minor var felis Gcrlach (see 
Notoedres minor var. cati) 
scabiei (Linn,}, 24, 36, 473 
scabiei var, auckentae RallUet, 478 
scabiei var. botns Robin, 477 
scabiei var. cants Gerlach, 477 
scabict var, caprae Fiirstenberg, 478 
scabtet var. egui Gerlach, 473, 476 
scabiei var. Aomim's (Bering), 473- 
474 

scabiei var. ovis Megnm, 478 
scabiei var- suis Gerlach, 472, 473, 
474-476 

Sarcoptidae, 47S-4S0 
Satumidae, 509, 510 
Savory, T. H., 53, 511, 536 
Sawdust, oiled, 245 
Sawflies, 60 

Sawyer, W. A., 13. 332, 333 


Scabies or scab, 480, 481-483 
Scale msects, 50 
Scarabaeidae, 40, SO. 81, 84 
Scatophagidae, 136 
S'cartles (Carabidae), 648 
Sceliphron caementarius Dnuy, 526 
Scharaberg, J. F., 490 
Schwardt, H. A., 265 
Schwarz, E. A., 152 
“Schiiffner’s doia,” 199, 200 
Sciuridae, 397, 403 

Sciurtis hudsonicus richardsoni Baci- 
man, 398 

donglasti albolimbatus Allen, 456, 
462 

Scolopendra Linn. (Chilopoda), 539 
Scolopendra heros Girard, 539 
polymorpha Wood, 539 
sumichrasti Saussure, 539 
mndis Say, 539 

Scorpion flies (Mecoptera), 50, 63 
Scorpionida, 54, 532-536 
Scorpions, 31, 54, 532-536 
African, 534, 535 
black, 535 

California striped (see Centrurmdft 
calxfomicus) 

Durango (see Ceniruroides suSum) 
giant hairy (see Hadnirus htnuivs) 
Mexican hairy (see Hadtums aztecia) 
mordant (see Uroctonus mordax) 
northern (see Vaejovts borctts) 
striped (see Ceniruroides vUlatus) 
stripe-tail (see Vfle;outs spinigerus) 
whip, 54, 536-537 
wind, 5i, 537-538 


e Screening, 251-252 

ScrewvroTBis, 36, 342, 35(h352, 356-358 
treatment, 348-353, 356-358 
Lamarck 

Sculigera forceps (Raf.) (see Cermatia 
forceps) 

Seale, A, 261 

Sea-spiders (see Pycnogonida) 

Seddon, H. R , 486 

Seidelin, H , 218 

Seifert, 0.,- 344 

SeUards. A W, 156,223 

Selvatic plague (see sylvatjc) 

Semnopithicus maurus, lOo 

Senior-White, R , 193 

Serafim, J, Jr 1 225 . _ . ki-i 

Sencopelma comtnunis Csmbr., 

Serratia Bizio » 

Serratia marcescem Bizio, 

Sessinui collans (Sharp), 5II 
decolor Fairm . 511 
Shamberg. J. F, 490 
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Stannon, R. C., 139, 142, 145, 219 

Sharp, N. A. D , 148 

Sheep "tick” or ked, 375-377, 423 

Shelmire. B , 485, 486 

Shijelfa Castellani and Chalmers 

SAipelJa dysenlenae (Shiga), 295 

Shipley, A. E , 168 

Shortt, H. E , 146 

Shrimp, 29 

Sthine shmiifea Clem , 51Q 
Silpha Linn., 79 
Silphidae, 79, 84 

Silvanuj eurinameneu (Linn ), 82 

Silver, J, 401, 402, 420 
Silverfish, 50, 67 
Stftnuj Meigen, 263, 274 
Sirnmona, J. S., 220, 222 
Simmons, S W., 547 
Simmons, P., 3tt 
Simmonds, M, 296 
Simond, P. L , 4, 390 
Simpson, P., 404, 403 
Simuhidae, 6, 135. 137-143. 147 
Simnlinm Latreille. 139, 140 
SimuKum eolumbscrense (Schiner), 142 
domnosum Theobald. 6, 141, 213 
meridibnale Malloch (see Simtifium 
oeriden(ale) 
neavei Roubaud, 141 
niffToparvum (Twinn), 141 
oeeideniaU Townsend, 141, 142 
omafum Meigen, 138, 141 
ptcri'pes Hagen, 142 
veniuium Say, 6, 141. 142, 221 
wlJalum Zetterstedt, 142 
Sinea Amyot and Serville 
Stnca rfwrfeTna (Pabr ), 100 
Sinton, J. A , 209 

Siphonaptera, 60, 65, 69, 381-419 (see 
Flea) 

Key to families, 415 


-iL-aiavie, L. V , Ul, 4*a 
Sleeping eickneas, 5J1, 323-327 
Commission, 3M 
Gambian, S, 325-326 
historical. 6, 323-321 
Rhodesian, 5, 324-326 
transmission, 324-327 
Smart, J, 13$ 

^mith.C. N., 453. 463 

Smith. J. B, &8. 172, 227 

Smith. R, C, 42 

Smith. R O A, 140 

Smith. T., 2 . 33. 141,415. 440,417 


Snails, 22, 40 
Snodgrass, R E , 54, 499 
Snow fleas (Collembola), 50, 63 
Sodtum arsenite, 419 
Sodium cyanide, 114, 353 
Sodium fluoride, 78, 125-126, 130 
Sotenopoles Enderlein, 120 
Solenopotes eaptllaiu$ Enderl, 119 
fiolenopsts rploni var. manioia Wheeler, 
661 

Solpugtda, 54, 537-638 
SopCT, F L, 4, 218 
Soptdea mar^nata Uhlcr, SOS 
Southwell, T, 146 
Sowbug, 29 

Spanish fly, 83. 516-511, 543-544 
Spencer, R.R. 423, 440 
Spermopbtfus refusceru, 397 
Spboerophthalma ocetdentah's (Linn), 
505 

Sphex iucltiosa Smith, 503 
violacctpennu Lepcletier, 503 
Spiders, 64. 511-528 
Arano capuhna (see halrodeetus mae- 
(aitr) 

banana (ece Heteropoda venatona) 
“bird" (see Aviculanidae) 
black widow (see Lalfodcctus mac- 
law) 

"black wolf” (see Latrodeetus IniTu- 

bm) 

burrowing (see BrathylheU hniplar- 
*us) 

gardeu. 527 

hourglass (see Lalrodeetus maefanj) 
jumping (see Attidae) 

"pruning” (sec Chploeranium pas- 
(rracantfioidea) 

silvered orb weaver (see Arpiope 
orpenfofa) 

"tincture of” (see Tela oroneoe) 
trap-door (see Avicuhriidae) 

"wolf" (ece I.yosidae) 

Spillmann, P , 293 

Spintus /ormiconim (rubefacient), 542 
Sptroekacta Ehrcnbcrg 
Spiroebaefa carten Manson. 110, 462 
duttoru Ko'T and Knapp. 5, 451, 462 
pollinonim Blanchard, 5. 465 
hupamca Sadi dc Buen, 402 
koehi Kovy, 462 

marcKouri Nuttall (te<s Spiroehaeta 
pallinarvm) 
norm SchelKc. 462 
pcMicn DwhunVowvlcy. 402 
prrtfnuis («co Trrponrria pertenue) 
rfevrrcntif I.rhcrt. 5, C, 3^. 110. Ill, 
456, 462 
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7’rombtcula akamuski (Brumpt), 491 
ouiumnolu (Shaw), 492-493 
deliemis Walcb, 494 
tmiona (Riley) (sec £uCrombicuta 
flVfedduffest) 

thahahuaU (Murray) (see Eulrombt- 
cuZa aljTeddugesi) 

Trombidiidae, 492-494 
Trypaa blue, 212 
Tn/panosomo Gniby, 323 
Trvpanojoma berberum Ed. aad Et. 
Sergeat, 269 

brucei Plim. and Bradf , 24. 323, 326 
cojtelZam'i Kruse (see TTHpanosoma 
gombxense) 

conorbmi Donovan, 99 


fitppicum Darling, 55, 299 
lewwi (Kent), 323 

rAodestease Stephens and Fanthara, 5, 
24, 324 

wwnderwe Castellani (see Trypano- 
toma gambienje) 

Tsetae fly, 5, 330-327 
Tsu^gamusM fever, 494 
Tuberculosis (in relation to houseSiea), 
298 

Tularaemia, 6, 88, 863-269. 430 
tick transmission, 440 
Tunpa Jeroeki 

Tunpa penetrans (Linn.), 4l<Mll, 418 
Turner, T.B., 154 
Turner, W. F , 422 
Tyler, J. R , 156 

Typhus fever, 41. lU, 112, 399-400. 435. 
494 

Bnll’s disease. 111 , 399 
endemic, 111 , lia, 399-400 
Mexican, 111 
murine, 399-400 

Tyroglyphidae, 490-491 
Tyroplyp^m Latreille 
TvrojfypAuj omericanus Banks, 490 
/an'Me (DeGeer), 490-491 
Gcrvais, 491 
«tTo (Linn.), 490 
Ty*m,E.E, 156,223,609 

Wecr, tropical. 896 

e/mpetlufan'o nlifomiea, 173 
Underhill, C.W, 156 
Uronoraenia Ljmch Arribaliapi, 189 
J^rBrnea manttnio, 402 

arthropcls, 49r-539 
hiirs, 609-610 


Vroclonus Thorell 
l/roeloiius mordaz Thorell, 530 
Usingcr, R I, , 85, 80. 92. 93, 101, SOS 
Uvarov, B 1\ 15 

Vaejovidac, 531, 535-536 
Vaejotns Koch, C. L. 

Voejovu boreus (Girard), 536 
apinigerxis Wood, 535 
Vagabond’s disease, 109 
Valentin, 323 
Vonessa to (Linn ), 510 
''Vanillism,’’ 490 
Van Leeuwenhoek, A , 2 
Van Riper, W., 510 
Vorii lymphattcus, 214 
Vats, dipping, 475, 476, 483 
Veeder. M. A , 1. 294 
VeUidae (Ilcmiptera), 101 
Venoms, insects, 31, 497-511 
Venomous arthropods, 497-539 
Veralnim album, 311 
vtrtde, 311 

Verjbitiski, D T , 4, 390 
Verrupa perumona, 41, 145 
V'espa CTobro Lmn , 503 
permontca Fabr , 503 
vulBoru Linn , 503 
Vespidae, 603 

Vespuln (Vetpo) dtabohea (Saute), 603 
maeutaia (Lmn ), 503 
pennsvZt'ontca (Sauss ), 503 
Vtbrto Muller 

I'lbno eotnmo (Schroetcr), 295 
VmegarocD, 54, 536 
Vtruofa pestosa, 416 
Vogelsang, W. A , 521 
Voles. 41, 494 
Von Geldem, C. E , 503 

Wagner-Jauregg, 51 1 
Wakeland. C., 91 
Walker. E. M , 352 
Walking stick, 35 
Wallace, G. O, 431 
Walton, W R, 155 
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